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ABSTRACT

A dynamic food chain model and computer code, named “COMIDA,” has been developed to
estimate radionuclide concentrations in agricultural food products following an acute fallout
event. COMIDA estimates yearly harvest concentrations for 5 human crop types (Bq kg-l
crop per Bq m-2deposited) and integrated concentrations for 4 animal products (Bq d kg-l
animal product per Bq m-2)for a unit deposition that occurs on any user-specified day of the
year. COMIDA is structurally very similar to the PATHWAY model and includes the same
seasonal transport processes and discrete events for soil and vegetation compartments.
Animal product assimilation is modeled using simpler equilibrium models. Differential
transport and ingrowth of up to three radioactive progeny are also evaluated. Benchmark
results between COMIDA and PATHWAY for monthly fallout events show very similar
seasonal agreement for integrated concentrations in milk and beef. Benchmark results
between COMIDA and 4 international steady-state models show good agreement for
deposition events that occur during the middle of the growing season. COMIDA will be
implemented in the new Department of Energy (DOE) version of the MELCOR Accident
Consequence Code System (MACCS2) for evaluation of accidental releases from nuclear
power plants.
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1. INTRODUCTION

Radionuclide fallout on agricultural systems can be a significant pathway for dose to

humans via ingestion of contaminated crops and animal products. The fallout may occur as a

result of routine atmospheric emissions from nuclear facilities, nuclear weapons testing, or

accidents involving atmospheric release of radioactive material. Mathematical models that

predict radionuclide transport in the food chain and resulting human ingestion doses have

been developed for dose reconstruction of past fallout events and for prospective assessments

required for regulatory compliance, facility design, and safety analyses. Many of the food

chain models currently in use employ equations similar to those used in U.S. Nuclear

Regulatory Commission Regulatory Guide 1.109 (1977), which assume a chronic release

scenario and equilibrium conditions between vegetation, soil, and animal products. These

“quasi-equilibrium models” do not account for daily changes in plant biomass, livestock

feeding regimes, or ingrowth and differential uptake of radioactive progeny during food chain

transport. They are generally not appropriate for assessment of critical short-term impacts

from acute fallout events that may occur during different times of the year.

We have developed a dynamic food chain model and computer code, named

COMIDA, to support the new U. S. Department of Energy (DOE) version

Accident Consequence Code System (MACCS) (Jew et al. 1990), a severe

environmental code. COMIDA was developed for the following reasons:

of the MELCOR ‘

reactor accident

1. A single MACCS run evaluates many

calendar year. A dynamic food chain

randomly-selected fallout dates during a

model was needed that could, with one input

file, evaluate the resulting variations in radionuclide concentrations in foods that will

occur due to the temporal relationships between fallout, current plant biomass, and

site-specific discrete agricultural events such as tillage, planting, and harvest.

Al!.boughwell-established dynamic

1987), none were found that could

food chain models exist (Whicker and Kirchner

be easily interfaced with MACCS.
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2. The MACCS code requires a food chain model that predicts radionuclide

concentrations in a wide variety of food products at selected annual intervals after an -

acute deposition. Yearly food product concentrations and the resulting ingestion doses

can be used for decisions on mitigative actions, such as deep plowing and food

product disposal. In general, most food chain models are integrated into code

packages that either do not output individual food product concentrations from specific

pathways or do not allow selection of different integration times.

3. A model was needed to account for the in-growth and environmental transfer of

radionuclide progeny after deposition. COMIDA evaluates up to 3 progeny for each

parent radionuclide and allows input of either parent or progeny element-specific

parameter values. Therefore, progeny that may behave differently than their parent in

the environment (e.g. 99Mo99mTc) can be simulated using their own properties.

4. A model was needed that has simple input data requirements, is easy to operate, and

is fully transportable. COMIDA requires 2 relatively small input files: a

nuclide-specific variable input file and a site- and scenario-specific parameter input

file. These parameters are obtained or derived from data commonly reported in the

literature and may be developed for diverse site locations. COMIDA is written in

FORTRAN 77 and operates on a personal computer with a DOS operating system or

a UNIX based workstation.



2. MODEL DESCRIPTION

2.1 output

For a unit acute fallout deposition, COMIDA estimates radionuclide concentrations in

human crops at yearly harvest intervals (Bq kg* crop per Bq m-2deposition) and integrated

concentrations in animal products (Bq d kg-l animal product per Bq m-~. Five different crop

types are simulated: leafy vegetables, root vegetables, grain, fruit, and legumes. For animal

products, COMIDA calculates integrated concentrations in milk, beef, poultry, and a

user-defined “other animal” (e.g. pork, lamb). Four animal feed sources are

evaluated--pasture grass, hay, grain, legumes (soybeans)-in addition to soil ingestion.

Animal product concentrations from each feed source are provided for any selected 3654

human consumption period(s) after the accident in addition to a cumulative total (e.g. year 1,

year 5, and Oto 5 y). For milk, a short-term (less than 1 y) integration time may also be

selected.

2.2 Conceptual Model

A generalized conceptual representation of the COMIDA model is shown in Fig. 1.

The model is very similar to the PATHWAY model developed by Whicker and Kirchner

(1987) for assessment of weapons test fallout in southeastern Utah. Time-variable

concentrations are dynamically modeled for 5 compartments-vegetation surface (@s),

vegetation internal tissues (Qvi), surface soil (Qss), labile (active root zone) soil (Qrs), and

freed soil (Qfs). The depths of Qss and Qrs are user-specified to account for different site

characteristics. The vegetation/soil model is used to calculate: (1) human crop inventories at

harvest; (2) integrated pasture grass inventories while animals are grazing; (3) harvested

animal feed storage inventories; and (4) integrated surface soil inventories for animal soil

ingestion.
.

For simplicity and due to lack of biological elimination rate data for all radionuclides

and animal products, the model does not dynamically treat the transfer of activity between

vegetation/surface soil and animal products. Rather, it assumes that animal product

concentrations are some equilibrium fraction of the time-variable pasture grass, stored feed,

3
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and surface soil concentrations. This is accomplished using published values for the

feed-to-animal product tran.sfercoeffcient which is the fraction of the daily intake of a

specific radionuclide (or element) that is transferred to a particular animal product at

equilibrium. In addition, the model assumes negligible depletion of the pasture grass and

surface soil compartments by grazing. These assumptions introduce a conservative bias in

the model, especially for radionuclides that are not rapidly equilibrated in animal products or

for areas with high livestock density. However, the calculated animal product concentrations

are still considered to be more realistic than those estimated by simple equilibrium models

because they are a function of the time-variable vegetation and soil compartment

concentrations.

In order to explicitly treat the ingrowth and differential transport of radioactive

progeny, an additional set of modeling compartments are defined for each decay chain

member (4 members, including parent, maximum). Each decay chain model is identical to

that shown in Fig. 1 with the addition of transport (ingrowth) horn each parent compartment

to the same progeny compartment. The model therefore evaluates up to 20 compartments--5

compartments (Qvs, Qvi, Qss, Qrs, Qfs) for each of the 4 decay chain members.

2.2 Modeling Kinetics

COMIDA’Svegetation and soil model simulates both continuous and discrete transport

processes in order to move radioactivity between modeling compartments. The continuous .

processes are assumed to be first-order where the rate of transfer of radioactivity from a

compartment is proportional to the amount of radioactivity remaining in that compartment.

As such, they may be described mathematically by a rate constant which is the fiction of

radioactivity that is removed from a compartment per unit time (units of time-l). Except for

the root uptake process, the rate of transfer of radioactivity between compartments

(in 13qm-2d-l) is calculated by the product of the current radioactivity in the source

compartment @q m-2)and the rate constant (d-l). Root uptake rate &) is assumed to be a

function of the plant growth rate (dB/dt) which is calculated in COMIDA using a logistic

biomass growth model. The time rate of change of radioactivity in a particular compartment

5



(dQ/dt, in Bq m“2d-’) maybe described by a first order differential equation that is simply

the sum of the rates into that compartment minus the sum of the rates out of that

compartment

‘@’s fi+k%s)Qss-(Kw+ A+Kab)QvsVegetation surface(Qvs): — =
dt(

(1)

Surfie soil(Qss):

Lubile soil(Qrs):

(3)dQs-Kw@s-(fi+Krs +O+~)Qss
dt

d~ ~@-s-(a+A)mFixed soil(Q@: ~ =

where

Kr = resuspension rate constant (d-*)

Krs = rainsplash rate constant (d-l)

Kw = weathering rate constant (d-l)

A = decay rate constant (d-’)

Kab = foliar absorption rate constant (d-l)

~ = root uptake rate @q kg-l d-l)

Ksen = senescence rate constant (d-l)

Kp = percolation rate constant (d-l)

Kde = fixed soil resorption rate constant (d-l)

Kl = leach rate constant (d-l)

Kad = fixed soil adsorption rate constant (d-’)

(5’)



.-

In order to evaluate progeny ingrowth, COMIDA evaluates compartment

concentrations in terms of atoms rather than radioactivity. To do this, the initial fallout

concentrations in the Qvs and Qss @q m-2d-l) compartments are converted to atoms m-2by

dividing by A (d-l). Prior to output, COMIDA converts atom concentrations back to activity

concentrations by multiplying by A. The equations for radioactive progeny (decay chain

memberj) are the same form as eqns. (1) - (5) with the addition of an ingrowth term from

the parent (decay chain member j-l). For example, the equation describing the time rate of

change of atoms in the surface soil compartment for progeny j (dNs#dt) is

“j -Kwfis, - (Kr +& +@ + +)Nsj + ‘j-l Nsj-l

&

Numerical integration of these compartments is accomplished in COMIDA through

the implementation of a fourth order Runge-Kutta routine with adaptive stepsize control

(Press et al. 1987). The adaptive stepsize control allows the routine to select the optimum

time step to take between integration limits. The integration limits are defined between

various discrete events (e.g. fallout, tillage, hamest dates) as input by the user.

2.3 Code Implementation

COMIDA is written in FORTRAN 77 and implemented on a personal computer with

an DOS operating system. The source code, with minor modification, is compatible with

most FORTRAN compilers on UNIX opemtingsystems. Input to the code is through tWO,

free format ASCII files, one with site- and scenario-specific values and one with

nuclide-specific values (see APPENDIX). Output is written to two ASCII files. The first

file contains a formatted listing of selected output. The second file contains a dump of

intermediate calculated values which can be useful for benchmark purposes or in

understanding the code.

7



3. TRANSPORT PROCESSES

The following discussion describes suggested or previously used methods and

parameter values that can be used to calculate the rate constants needed for COMIDA input.

Alternative methods may be employed by the user, and appropriate site-specific values are

recommended.

3.1 Resuspension (Kr)

Wind transport of deposited radioactivity from surface soil to vegetation surfaces is

simulated using a resuspension rate constant, which is the fraction of surface radioactivity

removed per unit time. Values for Kr range from 1(37to 10’ d-*(10-12to I& s-]) for various

locations, particle types, and wind speeds (Healy 1980; Sutter 1982). A value may also be

calculated from the product of a resuspension factor (RF, m-l) and deposition velocity

(V, m d-l). RF values range ftom 1 X 1010to 1 X 102 m-’, depending on the location,

source material, and type of resuspension stress (Sutter 1982). A Kr value of 1.7 X 103 d-l

was used in the PATHWAY model and is based on a RF of 1 X 105 m-l for Utah farm areas

and an average deposition velocity 173 m d-l. More recent measurements from the

Chernobyl experience indicate lower initial RF values ranging flom 3.6X 10-9to

4.9 X 1~ m-l for European climates (IAEA, 1992).

3.2 Rainsplash (Krs)

In addition to resuspension by wind, rainsplash may be a significant process for

resuspension of radionuclides from the surface soil to vegetation surfaces, especially for

low-lying foliage (less than 40-cm high) or areas with intense rainstorms (lMeicer et al.

1984). To simulate this process for rangeland and agricultural areas in Southwestern Utah,

PATHWAY derived a value of 8.6 X 1~ d-l from experimental data (Dreicer 1984). For

human crops, COMIDA sets the rate constants for resuspension and rainsplash to Obefore

and after the growing season.

8



3.3 Weathering (Kw)

This process moves radioactivity from vegetation surfaces to the soil surface as a

result of wind and water removal, growth dilution, and herbivorous grazing. A value of

4.95 X 10-2d-*is generally used for all radionuclides except radioiodine, which is removed at

a faster rate of 8.67 X 102 & (Miller and Hoffman 1983).

3.4 Foliar Absorption (Kab)

Surllcial contamination on plant foliage maybe absorbed internally and, therefore, not

be affected by the weathering process. This process is more dominant early after fallout

while root uptake becomes increasingly more important with time. The formulation US~ in

PATHWAY to calculated Kab is

(n

where

fa = fraction of a surface deposit that is absorbed

Foliar absorption generally increases with element volubility. The following values

for Kab were estimated for PATHWAY:

1.0 X 10-3d-l for Sr, Ba (Middleton 1960)

5.5 X 10-3d-l for Cs, Te, Mo (Middleton 1960; CEC 1979)

8.5 X 10-3d-l for I (Hungate 1963)

O d-l for Ru, Ce, Zr, Rh, Nd, Np, Pu (relatively insoluble)

Other elements may be estimated based on their relative solubilities. In CODA, foliar

adsorption is active only during the user defined growing season; otherwise, the rate constant

is set to zero.

9



3.5 Pasture Senescence (&m)

Senescence transports biomass from aging pasture vegetation to soil after the growing -

season is completed. Since weathering rapidly reduces the vegetation surface inventory,

senescence is practically trated in COMIDA by first-order transfer of internal vegetation

radioactivity to the pasture soil at the end of the livestock grazing season (TEL). Biomass is

discretely reduced to a userdefined minimum value on 1 January of the following year. The

senescence rate constant may be calculated based on the assumption that 99.9% of the

inventory in the plant will fall to the soil between TEL and 31 December (10 half-times):

(8

where

T, = senescence half-time = O.l(number of days from TEL to 31 December) (d)

3.6 Percolation (Kp)

This physical process transfers radioactivity from the surface soil to the labile soil

compartment, thereby decreasing the surface soil inventory and, as a result, the rate of

resuspension to plant surfaces. PATHWAY uses a first-order rate constant of 1.98 X 102 d-l

which is based on a 35-d half-time observed for declines in resuspension (Langham 1972;

Anspaugh et al. 1975).

3.7 Soil Adsorption (Kad) and Resorption (Kale)

Many elements may become fixed in soil by adsorption to clay particles thereby

making them less available for root uptake (Schulz 1965). For most of these elements, the

fixation process is fairly rapid and is generally accounted for in model simulation by low

observed plant-to-soil concentration ratios. However, *37CShas been observed to become

increasingly unavailable for root uptake over longer periods of time. In one 5-y growth

experiment (Squire and Middleton 1966), root uptake of 137CSdecreased by approximately

90% in four soils ranging from 3.2% to 19.5% clay.

PATHWAY and COMIDA use fwst order adsorption

10

To simulate Cs fmation, both

and resorption rate constants (Kad,



Kale)between the labile soil compartment, where root uptake occurs, and a fixed soil

compartment, where root uptake does not occur. PATHWAY assigned Kad and Kde values

of 1.9 X 103 ~1 and 2.1 X ld d-l respectively, which removes approximately 90% of the

Cs horn the labile soil compartment after a 5-y period. For these processes, radioactive

progeny are assumed to behave similar to the parent, and therefore, the same rate constants

are used.

3.8 Soti hehiig (Kl)

Leaching moves radioactivity tim labile root zone soil to deep soil where it is

unavailable for root uptake. This is a long-term process and is, therefore, based on annual

average parameter values. A leach rate constant ~, d-l) for decay chain member j may be

calculated by @aes and Sharp 1983):

ICI]=
P+Z-E-R

[1Pqexml+—
e

where

P = annual average total precipitation (m d_l)

E = annual average evapotranspiration (m d-l)

I = annual average irrigation (m d-l)

R = annual average surface runoff (m d-*)

Xrs = depth of labile soil layer (m)

0 = annual average volumetric water content of the soil layer, xr (m3m-3)

P = soil bulk density (g cm-3)

Kdj = soil-water distribution coefficient for decay chain memberj (Ml g-l)

(9)

Element-specific Kd values are given by Baes et al. (1984); therefore, a nuclide-specific Kl

value must be calculated for each decay chain member and input into COMIDA by the user.

11



3.9 Radioactive Decay and Ingrowth (THALF)

This prwess decays and in-grows radioactivity in all model compartments. COMIDA

calculates the radionuclide decay constants for up to four decay chain members based on the

user input of half-life -F).

3.10 T~age

Tillage is a discrete process that transfers radioactivity on the surface soil into deeper

soil layers, where it cannot be resuspended or splashed onto vegetation. This process may

significantly reduce concentrations on crops if the fallout occurs just prior to the tillage date.

COMIDA accounts for tillage at a user-specified tillage date (TT) by redistributing the total

radioactivity in the surface (Qss) and labile soil (Qrs) compartments according to the relative

mass of soil in txich compartment (Whicker and Kirchner 1987):

‘S=(Q’’+”4M:N‘kn’=m
where

Mss = mass of surface soil (kg m-~ = Xss (m) Pss (kg m-3)

Mrs = mass of labile soil (kg m-~ = Xrs (m) Prs (kg m-3)

(lo)

12



4. PLANT GROWTH MODEL

COMIDA uses a logistic growth model (Odum 1971) to estimate time-variable plant

biomass and growth rate. The plant growth rate at each time step is used to calculate the

root uptake rate from the soil to the internal vegetation compartment. The current plant

biomass at the deposition date is used to calculate the fraction of fallout ailocated between

vegetation and soil compartments.

The change in biomass as a function of time (dB/dt in dry kg m-2d-’) is given by

where

Kg =

B =

growth rate constant for crops, pasture (O.12 d-’)and hay (0.27 d-l) (Whicker and

Kirchner 1987)

the current biomass (kg dry m-~

BMAX = maximum edible crop biomass (kg dry m-2)

Eqn. (11) maybe solved in terms of B to give plant biomass as a function of time ~(t)]:

(12)

where

BI =

a =

initial biomass for crops and grain (0.015 kg m-2,dry) and minimum winter biomass for

pasture (0.07 kg m-2,dry) and hay (0.08 kg m-2,dry) (Whicker and Kirchner 1987)

constant of integration defining the position of the curve relative to the origin

(unitless)

As can be seen in Fig. 2, the rate of increase in biomass (growth rate) and the general shape

of the growth curve are dependent upon

in addition to the values assigned for BI

the value assigned for the growth rate constant (Kg)

and BMAX.

13
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Plant biomass is calculated in COMIDA only during the growing season. From 1

January to the start of the growing season, the biomass is assumed to be at a userdefined

minimum value (III). After the pasture growing season until the end of the year, biomass is

allowed to remain at its maximum value, although the model dynamically treats loss of

radioactivity from pasture to soil via senescence (Ksen) during this time. Loss of biomass

due to animal grazing is not accounted for.

4.1 Interception Fraction (W’)

An empirical relationship developed by Chamberlain (1970) is used in COMIDA to

calculate the fraction of total fallout that is intercepted and initially retained on vegetation

surfaces (W).

(13)

where

B(t) = standing crop biomass at the time of deposition @q kg-2,dry)

a! = foliar interception constant (m*kg-]), measured as the ratio of vegetation concentration

@q kg-l) to the total deposition @q m-~

.

Using this formulation, a time-variable interception fraction is calculated which

depends on the amount of biomass that is present at the time of deposition (B[t], eq. 12).

Chamberlain’s relationship applies to the entire exposed, above-ground plant (not just the

edible parts); therefore, COMIDA requires user-input values for maximum standing biomass

(BSTAND) for each vegetation type in order to calculate B(t) in this case. The foliar

interception constant (a) can be considered to vary as a function of vegetative surface area as

well as the fallout particle size, type of deposition (wet vs. dry), and the physicochemicd

form of the contamination (Hoffman et al. 1984; Hoffman et al. 1992; Pinder 1988).

PATHWAY used an a value of 0.39 m2kg-l for the larger particulate fallout associated with

weapons testing (Romney et al. 1963; Anspaugh et al. 1986). For general safety assessments

of fallout smaller than a few micrometers, an a value of 3 m2kg-l is suggested for all

15



vegetation except fruit based on grass canopy (Miller 1980) and com plants measurements

(l%nderet al. 1988). Observed interception fractions for orange trees (l?inder et al. 1987)

suggest a lower a value of 0.3 m2kg-l for the fluit category.

During the growing season, the fhction of fallout that is allocated to the soil surface

(3?S)is 1-FV. For deposition on crops prior to the crop growing season, 100% of the fallout

is assumed to go to the surface soil compartment (J?S= 1). For depositions on hay and

pasture prior to the growing season, the interception fraction is calculated using the minimum

biomass (IN). For depositions that occur after the crop growing season or livestock grazing

season, 100% of the fallout is assumed to go to the surface soil compartment.

4.2 Root Uptake Rate

COIWDA uses a formulation presented in PATHWAY to calculate the rate of uptake

into edible parts of plants ~, in Bq m-2d-l). This formulation is based on the assumption

that root uptake is directly related to plant growth rate (dB/dt) and a plant-to-soil

concentration ratio (CR):

%,=

Qrsv(dB/dt)iCRy (14)
Xrs Prs

where

Qrsti = radioactivity in labile soil compartment for crop type i and decay chain

member j @q m-~

c~j = concentration ratio for plant type i and decay chain memberj

@q g-l dry plant per Bq g-’ soil)

Xrs “ depth of labile soil compartment (m)

Prs = bulk density of labile soil (kg m-3)

Radioactivity uptake into plants is, therefore, time-variable depending upon the seasonal plant

growth rate, dB/dt. For root uptake into human crops, COMTDAuses a growth rate that is

calculated using maximum edible biomass or yield (BMAX).

16



The concentration ratio is dependent on the physiochemical form of the radionuclide,
.

plant species and location within the plant (leaves vs. seeds), soil, and other factors. For
1

each radionuclide decay chain member, COMIDA allows input of site-specific CR values for.
. each of the five human crop types, pasture grass, and hay. Baes (1984) has compiled

element-specific concentration ratios for vegetative ~) and non-vegetative (reproductive)

@,) portions of plmts. If these values are used in COMIDA, the ~ value is appropriate for

lea@ vegetables, pasture grass, and hay, while the I+ value should be used for all other

human crops (grains, root vegetables, fruits, and legumes). A detailed compilation of CR

values for various crops, soils, and contamination scenarios has been published by the

International Union of Radioecologists (1989).



5. CALCULATION OF F7JOD PRODUCT CONC13N’IIUTIONS

5.1 Human Crop Concentrations at Harvest

The total edible crop concentration for crop typ i and decay chain memberj

(QCu, in Bq wet kg-l) is calculated at hawest by

QC4<TEC)=( 1@s&Ec) ~c, +C?q/(=) ~D

BM4Xi i

where

QVSij =

Q%=

TVCi =

BMAXi =

FDi =

TEc =

concentration on vegetation surfaces at harvest @q m-~

concentration in edible vegetation tissue at harvest @q m-2)

transfer factor fkom exposed to edible surfaces for human crops (unitless)

edible crop biomass at harvest (yield) (dry kg m-2)

ratio of dry to wet weight (utitless)

time of crop harvest (Julian day)

.

The vegetation surface concentration is multiplied by the fraction that is deposited on

edible tissues of human crops (T’VC)to account for surface layers that are removed prior to

ingestion (e.g. com husks). Currently, TVC is assumed to be 1 for leafy vegetables and 0.1

for all other human crops (Napier et al. 1988). The user may select any number of years for

which haxvest concentrations are calculated. For these harvest concentrations to be used in

dose calculations, losses due to food processing (IAEA 1992) and radioactive decay during a

human consumption period must be accounted for.

5.2 Integrated Animal Product Concentrations

Animal product concentrations are calculated based on the assumption that they are in

equilibrium with the time-variable concentrations in vegetation and soil being consumed by

the animal. This is accomplished using published values for the feed-to-animal product

transfer coefficient which is the fraction of the daily intake of a radionuclide (or element) that

is transferred to a particular animal product at equilibrium. For beef, milk, and the optional
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animal product, four sources of animal feed are evaluated: pasture grass (or range
. vegetation), stored hay, grain, and legumes. For poultry, only stored grain and legumes are

considered as a feed source. Soil ingestion is evaluated for all animal products. Because
.

. animal slaughter and milk production occur on a somewhat continuous basis (as opposed to a

discrete crop harvest), COMIDA calculates integrated animal product concentrations for

consecutive 365-d “accident years” after the date of deposition (Fig. 3).

fallout

I
“accident yeat’ 1 =1

“accident year 2
. +

FQure 3. Integrated concentrations for feed crops include contributions from the
current year’s crop (tl) and the remaining feed time on the prior year’s crop (t~.

.

5.2.1 Pasture Grass. A pasture grass or grazing contribution to animal product

concentrations is evaluated by integrating current and/or the following year pasture grass

inventories only during the portion of the grazing season that occurs in each accident year.

If the deposition occurs prior to or after the grazing season, then the total integrated pasture

concentration (QTIP, Bq d kg-i) for the calculated accident year includes all of the upcoming

grazing season: ‘

19



where

QPC(t)= time-variable pasture grass concentration for the grazing =n that occurs in

the current accident year @q kg-l)

TSL = start of the livestock grazing season (Julian d)

TEL= end of the livestock grazing season (Julian d)

If the deposition occurs during the grazing season, then the 365-d “accident year”

pasture integration includes contributions from portions of the current and following year’s

grazing seasons:

(17)

where

QPn(t) = time variable pasture grass concentration for the grazing season that occurs in

the next accident yar @q kg-l)

TI= date of fallout (Julian d)

The integrated animal product concentration from pasture (or range grazing) for each

accident year for decay chain memberj (QIAPj$in Bq d kg-l) is then calculated by:

QkAPj = RP Wj Q17Pj e ‘Lt’ (18)

where

RP= pasture ingestion rate while animal is on pasture (kg d-’)

TCj = pasture to animal product transfer coefficient (d kg-’)

h = delay (holdup) time between animal slaughter or milking and human ingestion (d)

Values for animal product transfer coefilcients (TCj) are published in several reviews (Ng et

al. 1977; Ng et al. 1979a; Ng et al. 1979b; Ng 1982a; Ng et al. 1982b; Baes et al. 1984).

20
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5.2.2 Stored Feed. The model assumes that animals consume stored feed (hay,

grain, legumes) from local area harvests when they are not on pasture and that the animals’

diet may be supplemented by stored f~ while the animals are on pasture. Each calendar

year harvest is assumed to be available for consumption for a 365 d feeding period, after

which it is replaced by a new calendar year crop. Since this feeding period is not necessarily

synchronized with the calculated accident year interval, COMIDA evaluates both the current

calendar year crop (integration time tl, Fig. 3) and the stored feed remaining horn the

previous year’s harvest (integration time ~. After each crop harvest, feed concentrations

can be delayed for a holdup time (~ that simulates the delay between harvest and the start of

the animal feeding period. Decay and ingrowth of radioactive progeny are evaluated during

both the hold-up time and the 3654 integration period. As an example, the to~ integrati

hay concentration (QTIH, Bq d kg-l) for a specific “accident” year is calculated by (Fig. 3):

(19)

where

QH,(ti = current (and fist) year hay crop concentration after holdup time, ~ @q kg-l)

QH&) = Prior

t~ = integration

~ = integration

year hay crop concentration after holdup time, ~ @q kg-l)

time for current (and first) year hay crop (d)

time for prior y= hay crop (d)

Up to 3 discrete hay cuttings are evaluated in a single year by transferring individual

cut inventories (QCUT~], in Eq kg-l dry weight) to a storage compartment which is

evaluated at the time of the last hay cutting. For parent radionuclides or single member

decay chains, each cutting is simply decayed (QCUT(k) x e-~ until the time of the last

cutting. To account for decay and ingrowth of progeny radionuclides while the hay is in

storage, each hay cutting is evaluated using the general solution to chains of linear first order

differential equations (Skrabel et al. 1974). For decay chain memberj, the concentration in

hay cutting k is evaluated at the time of the last hay cutting by
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J@k)e-’m’k (20)

where

I@i(k)= number of atoms of decay chain memberj in QCUTj(k)at harvest

= -j(k)j~ (atoms kg-’)

time between harvest of hay cutting k and the last hay cutting (s)

decay chain member decay constants (s-l)

Assuming each hay cutting produces the same mass of hay, the average concentration

in the storage compartment (Q%, in Bq kg-l) from “n” total hay cuttings at the time of the

last hay cutting is

The integrated animal product concentration

(21)

from ingestion of contaminated stored

hay for decay chain memberj (QIWj$ in Bq d kg-l) is then calculated by

(22)

where

RH=

h =
annual average hay consumption rate by animal (kg d-l)

delay time between animal slaughter or milking and human ingestion (d)

Integrated animal product concentrations from stored grain and legumes are evaluated

in the same manner as eqn. 22 except that single crop inventones at harvest are used. These

single crop inventories are calculated using eq. 16 except that the transfer factor from

exposed to edible surfaces of crops (TVC) is not considered and the concentrations are not

converted to wet weight.
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5.2.3 Soil Ingestion. COMIDA calculates integrated animal product concentration

via soil ingestion (QIASj, Bq d kg-l) based on the integrated activity in pasture surface soil

for decay chain member j (QE%j, in J3qd kg-l) for each calendar yea.c

36s
[Q Ss,dz

QIAS’=QIPSj RS Z] e ‘tih and QIPSJ= ‘p= ~
(23)

where

RS = animal soil ingestion rate (kg d-l)

Qssj = time-variable surface soil concentration in pasture @q m-2)

Pss = surface soil density (kg m-3)

Xs = surface soil depth (m)

Recommended soil ingestion rates for dairy cattle are 0.50 kg & when cows are on

full pasture (summer), 1.00 kg d-l when cows are on half-pasture (spring/fall), and 2.00

kg d-l when cows are not on pasture (winter) (Darwin 1990). Since COMIDA only allows

input of one ingestion rate, it is recommended that selection of the value be based on the

season in which the initial fallout deposition occurs. Although the model calculates intie

horn soil over the entire year, the season of initial fallout is the most critical because the

surface soil inventory is reduced fairly rapidly by percolation. Soil ingestion rates used in

PATHWAY for dairy and beef cows, poultry, and sheep are 0.5, 0.01, and 0.102 kg d-l,

respectively.

5.2.4 Total Integrated Animal Product Concentrations. The total integrated

concentration (QIATJ for each of the four animal products (beef, milk, poultry, other

animal) and each accident year is calculated by summing the contributions from pasture

(QIA.PJ, stor~ hay (QMHJ, stored grain (Q~Gj)j stored legumes (QLMJ, and SOi.1

(QIASJ:

QL4~ =QL4Pj+Qi2iHj+QL4Gj+QMLj+QLWj (24)
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6. MODEL PERFORMANCE

6.1 Benchmark Tests

An evaluation of COMIDA’Sperformance was performed by benchmark tests with

published output from the PATHWAY model as reported in Whicker et al. (1990) and four

other internationally recognized steady-state models as reported in Hoffman et al. (1984).

These models included AIRDOS-EPA (U. S. Environmental Protection Agency), IAEA

(International Atomic Energy Agency) Safety Series No. 57, ABG (Allgemeine

Berechnungsgrundlage, Federal Republic of Germany), and Regulatory Guide 1.109 (U. S.

Nuclear Regulatory Commission).

The four models compared by Hoffman provided concentrations in food products for

a unit deposition rufe from a steady-state release while COMIDA and PATHWAY are based

on a unit acute deposition. To compare the two types of results, the acute concentration per

unit deposition must be integrated to infinity (Whicker et al. 1990). COMIDA food product

concentrations were integrated for 100 years for *37CSand ‘Sr and 1 year for 13]1.This

accounted for about 90% of the lmCsand ‘Sr radioactivity and 100% of the 1311

radioactivity. The geometric mean of the default parameter values used in the steady-state

models were used in COMIDA where applicable; otherwise, values from PATHWAY

(Whicker and Kirchner 1987) were used. A value of 2.6 m2kg-l was used in COMIDA for

the foliar interception constant (a) which corresponds to the geometric mean of the r/Y

(interception lhction/yield) values used in the steady-state models. This value is appropriate

for deposition of gases and particles smaller than a few microns. A value of 0.39 m2kg-*

was used for a in PATHWAY runs to simulate larger fallout particles from weapons tests.

Time-integrated concentrations were calculated with COMIDA for deposition events

occurring txich month of the year. Corresponding output values from PATHWAY were

interpolated from graphs reported in Whicker et al. (1990). Since the steady-state model

results were obtained using growing season input values (e.g. r/Y values > O), output from

these models are only compared for depositions that occur during the growing season (1 May

to 1 September).
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Comparisons of 1311and lmCsintegrated milk concentrations from the various models

are shown in Fig. 4 and Fig. 5, respectively. Both COMIDA and PATHWAY show a

strong seasonal dependence relative to the date of fallout and, in general, exhibit similar

curve shapes. During the pasture growing season (March through September), the COMIDA

results are very similar to those predicted by the steady-state models while the PATHWAY

results are almost an order of magnitude lower. However, the PATHWAY results would

have been about 5 times higher and very near to the COMIDA results if the same a value

had been used (Whicker et al. 1990). In COMIDA, the largest source of 1311intake and

subsequent transfer to milk during the pasture grazing season (10 May through 30

September) was from the consumption of fresh forage by dairy cows. During the late fall

and winter months, 1311intake was primarily from soil ingestion. For ~37Csin milk (Fig. 5),

the difference between concentrations from accidents that occur during the pasture season and

those that occur in the fall and winter months was not as great as in the case of 1311.This is

due to the longer 137(3 half-life (30 y) which results in a greater contribution horn the root

uptake pathway in subsequent years. The spike in the COMIDA 137Csmilk concentration for

the August deposition was due to contamination of the third hay crop two weeks prior to

hamest. Previous deposition dates occumd much earlier than hay crop harvests, which

resulted in more weathering and smaller hay concentrations at hawest.

The time-integrated concentration in leafy vegetables for ~r is shown in Fig. 6. No

PATHWAY results were available for this comparison. The COMIDA results show a strong

seasonal increase for fallout events that occur prior to harvest (31 August), after which, the

concentration drops to its pre-growing season value. This increase is due to: 1) the logistical

crop growth rate simulated in COMIDA and the resulting increase in the vegetation

interception fkaction (TV); and 2) and the shorter weathering times for depositions that occur

prior to harvest. Direct deposition accounted for about 91% of the total radioactivity

transferred to leafy vegetables for the August event.
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In another benchmark test, COMIDA results were compared to 4-Y= iIItejJ@M lnCs

beef concentrations predicted by PATHWAY for 13 Nevada Test Site fallout events in

southeastern Utah as reported in Whicker and Kirchner (1987) (Fig. 7). About 75% of the
.

4-year integrated amount calculated by COMIDA was obtained during the first year. The

COMIDA results follow the same seasonal trend as those from PATHWAY although

COMIDA values are about 50% higher during the middle and latter part of the growing

season. For two early season events, COMIDA predicted slightly lower integrated

concentrations than PATHWAY.
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F&re 7. Benchmark results for lmCsconcentrations in beef.
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6.2 Dflerences Between COMIDA and the PATHWAY model

While COMIDA includes many of the processes modeled in PATHWAY and, in

general, was designed after PATHWAY, there are several significant differences between the

two models:

1) Both models use a logistic plant growth model (Fig. 8) to calculate vegetation

interception fractions and root uptake rates. However, PATHWAY adjusts the plant growth

rate constant (Kg) at each time step based on daily temperature and light growth rate

modifiers while COMIDA does not (constant Kg throughout the growing season). The

growth rate modifiers reduce the maximum potential growth rate and result in a longer time

over which the plant is actively growing (plant growth rate curve is not as steep). For

accidents that occur during the initial period of the growing season, COMIDA may estimate

a smaller vegetation biomass and, as a result, smaller initial deposition on vegetation surfaces

(Fig. 8). This will result in less radioactivity being fixed into the internal vegetation

compartment via foliar absorption. The effects on the vegetation surface compartment for

crops is negligible because, for both models, weathering will result in loss of most of the

surface activity by the time harvest occurs. The constant Kg used in COMIDA also results

in a faster rate of root uptake that slows to an insignificant rate earlier in the growing season.

For depositions that occur later in the growing season, COMIDA may predict less root

uptake than PATHWAY for the first year because the COMIDA plant growth rate slows to

an insignificant rate earlier. However, rwt uptake is generally an insignificant pathway for

first year concentrations when compared to direct foliar deposition.

2) In the benchmark examples, PATHWAY evaluated a livestock diet consisting of

fractional intakes of different feed sources by month. In COMIDA, stored feed consumption

(hay and grain) is averaged over a 365-d feeding period.

three hay hmests per year while PATHWAY considered

Also, COMIDA accounts for up to

five.

3) In order to account for transfer of radioactivity from plants to surface soil via

senescence, PATHWAY evaluates loss of biomass in vegetables crops, pasture grass, plants
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7. APPLICATION OF RESULTS IN DOSE CALCULATIONS

The food product radioactivity concentrations calculated by COMIDA maybe used to
.

estimate human dose due to ingestion. For crops, harvest concentrations must be integrated

over a defined human consumption period (typically assumed to be 12 months). For

evaluation of a single member decay chain, the dose to organ k may be calculated by

(25)

where

D* =

GC =

dose to organ k from consumption of crop i (Sv) (dose is acquired over an assumed

consumption period, tc)

initial ground concentration of radionuclide @q m-’)

QTCi= COMIDA-calculated concentration in crop i at harvest @q kg-’)per @q m-’)

R= average daily ingestion rate of crop i over the consumption period, tc (kg d-l)

~ = fraction of crop i locally produced (unitless)

FPi = radioactivity &action remaining in crop i after processing (unitless)

DF~ = dose conversion factor for organ k (Sv 13q-1)

tc, = human consumption period over which annual harvest of crop i is assumed to be

consumed (day)

ti$ = holdup (storage) time between harvest of crop i and the start of consumption (day)

During the consumption period, it is assumed that human consumption rate is uniform. The

daily ingestion rate of the crop (R,) during this time must therefore be averaged over this

consumption period.
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In order to evaluate multi-member decay chains, equation (25) becomes

(26)~,, = ~ [Jo’’mx%) t@’LiFP, DF,

where

QTCj(~ =

where

crop concentration of decay chain memberj after the holdup period, ~, which

is evaluated by using the general solution to decay chains given in equation

(21):

‘“‘i’J==P”]iB
(27.)

Nj(t) = atom concentration at the end of the holdup period (atoms kg-l)

~i(t) = atom concentration of d-y chti memberj at harvest = QTCj(t)/~ (atoms kg-l)

In order to obtain the integrated concentration for each decay chain member over the

consumption period, the integrated form of the above equation must be used:

where

))N: (1 -e ‘i””
I

I

‘mII (Ap- ‘m)
p-i
p*rn J

Uj(tJ = total number of transformations over consumption time, ~ (disintegrations kg-*)

(28)

N: = Nj(~ from previous step.
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C = conversion factor [@qs dis-l)(l. 16 x 10s d s-l)]

For animal products, the dose is calculated in a similar manner except that the animal
.

product concentrations, including decay chains, are already integrated in COMIDA over a

12-month consumption period.
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8. CODE IMPLEMENTATION

COMIDA is written in FORTRAN 77 and implemented on a personal computer with

a DOS operating system. The source code, with minor modification, is compatible with

most FORTRAN compilers on UNIX operating systems. Input to the code is through two,

he format ASCII fdes. The first file (COMIDA.PAR) contains value for all parameters

that are not nuclide or elemental specific. The second file (COMIDA.VAR) contains the

values for all parameters that are nuclide specific. Output is written to two ASCII files. The

first iile (COMIDA.OUT) contains a formatted listing of selected output. The second file

(COMIDA.DMP) contains a print out of intermediate calculated values. Data in this file is

useful for benchmark purposes and to help in understanding the code. A complete listing of

the FORTRAN code is contained in Appendix B.

8.1 Computational Methods

One of the primary tasks of a computer code application to a dynamic food chain

model is to perform the numerical integration of the ordinary differential equations (ODE)

that mathematically describe the system. This task is accomplished in COMIDA through the

implementation of a forth order Runge-Kutta routine with adaptive stepsize control (Press et

al., 1986, see subroutine RK4SOLVE). The adaptive stepsize control allows the routine to

select the optimum time step to take in order to achieve a predetermined accuracy in the

solution and results in a solution of fifth order accuracy. For example, in portions of the

solution curve where the slopes are steep, many small steps must be taken in order to achieve

the same accuracy as in smooth areas of the curve, where larger steps may be taken.

Therefore, this routine is very efficient in terms of providing a solution that is of consistent

accuracy and only requires an accuracy criteria be selected. Note that the input requirements

of COMIDA do not require a time step for the Runge-Kutta solution. The time step is

automatically selected based on the hardwired accuracy limit of 1.OE-6,an initial stepsize of

2.5 d and a minimum step size of 1.OE-20d. A maximum of 50,000 steps are allowed

before the routine is terminated.
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The stored animal f~ compartments (grain, legumes and hay) require calculation of

radioactive decay and ingrowth, and integration of the radioactivity during the 12 month

ingestion period. Inventories in these compartments are calculated outside of the Runge-

Kutta solver using a generalized analytical solution to the sets of ODE’s that describe

radioactive decay and ingrowth (Equation 27 and 28). This routine was adapted from a

BASIC program written and described by Birchall (1987). The routine was translated to

FORTRAN and is used to decay, ingrow, and integrate the activity present in the animal feed

storage compartments.

8.2 prO@’i3111 ~OW

program flow is controlled by the MAIN program unit (Figure 9). Parameter values

in the COMIDA.PAR file are read by the INPUTPAR subroutine that is called by MAIN.

Variables that control the number of calendar years results are printed for are also read in the

INPUTPAR subroutine. First year results are always calculated and written to the output

file (COMIDA.OUT). The number of nuclides evaluated and nuclide specific data are read

by MAIN through the COMIDA.VAR file. First year concentrations, then subsequent year

concentrations are calculated for each nuclide. Concentrations for the year the accident

occurred are calculated in CROPl, HAY1 and PASTURE1 subroutines. These subroutines

account for the timing of the accident relative to the growing and livestock pasture season

and calculate the fallout fractions to vegetation and soil. Concentrations for subsequent years

are calculated in the CROPN, HAYN and PASTUREN subroutines. Concentrations in

animal products for any year (including the first year) are calculated in the BEEF, MILK,

POULTRY, and OTHER subroutines. Concentrations in crops and animal products are

written to the COMIDA.OUT file after each call to ONEYEAR and NYEAR subroutines.

After concentrations for all nuclides present in the COMIDA.VAR file have been calculated,

the program is terminated.
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8.3 Subroutines

MAIN: l%is program unit begins and terminates program execution (Figure 9). The

routine calls the subroutine INPUTPAR (reads parameter input data from the file

COMIDA.PAR) and subroutines ONEYEAR (food product concentrations the first year) and

NYEAR (food product concentrations for all other years). Nuclide specific data is read from

this program unit fkom the file, COMIDA.VAR.

INPUTPAR: This subroutine reads non-nuclide specific data from the

COMIDA.PAR file and writes this data to the output file (COMIDA.OUT). Each data

record passed to the subroutine CHECK for validation. Called by MAIN.

CHECK: This subroutine receives a parameter value from the subroutine

INPUTPAR and assures that the value lies between the maximum and minimum acceptable

value (See Table 1.)

TIMECK; This subroutine checks the time variables for conflicts in the start and end

dates for growing seasons and pasture grazing season.

ONEYEARL This subroutine calculates time flag variables that are passed to

subroutines CROPl, HAY1, PASTURE1, BEEF, MILK, POULTRY, and OTHER for

calculation of the first year food product conamtrations. The subroutie, wOm is also

called for writing output to the file COMIDA.OUT. Decay rate constants (A)are calculated

for each decay chain member and leach rate constants (M) are assigned to a common block

variable. Called by MAIN.

.

NYEAR; This subroutine calls the subroutines CROPN, HAYN, PASTUREN,

BEEF, MILK, POULTRY, and OTHER for calculation of food product concentrations for

years other than the f~st. Results are output through a caUto the output routine, WOUT.

Called by MAIN.
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_ This subroutine writes formatted output of the concentration in food

products for each year designated by the variables NTIMES and KYEAR to the file,

COMIDA.OUT. Called by ONEYEAR and NYEAR.

~ This subroutine ~cula@ food product concentrations in crops for the first

year (see Figure 10). One of three options maybe exercised depending on the timing of the

accident relative to the start of the growing season and harvest. The ccuievariable, TYEAR,

calculated in the subroutine, ONEYEAR, controls these options. The options are 1) accident

occurrs during the growing season, 2) accident occurrs before the growing season and, 3)

accident occurrs afler hamest. Output from this routine includes concentrations at time of

harvest for each crop type. The subroutine, FEEDI, is called to decay feed inventories for

the feed hold up time and integrate the inventories during the consumption period. FEEDI is

called by ONEYEAR.

PASTURE 1: This subroutine calculates the first (accident) year integrated pasture

inventory (Figure 11). Like the CROPl subroutine, one of three options may be exercised

depending on the timing of the accident. The integrated pasture inventory for the time

during the accident year the cows are on pasture and the accident year integrated soil

inventory are output. Also, a short term integrated pasture inventory (user input variable,

= is ako output (see subroutine SHORT). Called by ONEYEAR.

HAY1: This subroutine calculates the first (accident) year hay inventory (Figure 12)

and integrates the inventory for the amount of time in the accident year that it is used as feed

(Equation 28). Like the CROPl subroutine, one of three options may be exercised

depending on the timing of the accident. The integrated hay inventory is output. Called by

ONEYEAR.

BEEF: This subroutine calculates the integrated concentration in beef at the time of

consumption for the f~st and subsequent 365 day periods following an accident. The
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integrated beef inventory from pasture, grain, hay, legume and soil is output. Concentration

of the parent nuclide in beef is decayed for the holdup time horn slaughter to consumption.

Progeny are not decayed or ingrown during this time period. Called by ONEYEAR and

NY-EAR.

MIL& This subroutine calculates the integrated concentration in milk at the time of

consumption for the first and subsequent 365 day periods following an accident. The

integrated milk inventory from pasture, grain, hay legume and soil is output. Concentration

of the parent nuclide in milk is decayed for the holdup time from production to human

consumption. Progeny are not decayed or ingrown during this time period. A short term

integrated milk concentration while cows are on pasture is also output. This time period is

defied by the code variable, TINTM and is calculated in the subroutine, SHORT. Called

by ONEYEAR and NYEAR.

ULTRY: This subroutine calculates the integrated concentration in poultry at the

time of mnsumption for the first and subsequent 365 day periods following an accident. The

integrated poultry inventory from grain, legumes, and soil is output. Concentration of the

parent nuclide in poultry is decayed for the holdup time from slaughter to consumption.

Progeny are not decayed or ingrown during this time period. Called by ONEYEAR and

NYEAR.

OTHERL This subroutine calculates the integrated concentration in the “other” user

defined animal at the time of consumption for the first and subsequent 365 day periods

following an accident. The integrated animal inventory Ikompasture, grain hay, legume and

soil is output. Concentration of the parent nuclide in the other animal is decayed for the

holdup time from slaughter to consumption. Progeny are not decayed or ingrown during this

time period. Called by ONEYEAR and NYEAR.



FEEDk This subroutine calculates the integrated concentration in grain and legume

animal feed and decays these inventories for the hold-up times. The subroutine, RDK, is

called to perform decay and ingrowth calculations, and to integrate the concentrations..
Called by CROP1 and CROPN.

CROPN: This subroutine calculates fired product concentrations in crops for years

other than the first 365 day period following an accident (Figure 13). Output from this

routine includes concentrations at time of harvest for each crop type and integrated stored

feed inventories. The subroutine, FEEDI is called to decay feed inventories for the feed

hold-up time and integrate the inventories during the consumption period. Called by

NYEAR and ONEYEAR.

PASTUREN: This subroutine calculates the integrated pasture inventory for

years other than the first year following an accident (Figure 14). The integrated pasture

inventory for the time the wws are on pasture and the accident year integrated soil inventory

is output. Called by NYEAR.

HAYN; This subroutine calculates the integrated hay inventory for years other than

the first year following an accident (Figure 15). The integrated hay inventory is output.

Called by NYEAR and ONEYEAR.

RK4SOLVE; This subroutine calls the Runge-Kutta solving routine and performs the

activity to mass conversions necessary for calculation of radioactive progeny ingrowth.

Several subroutines are included in RK4SOLVE. The subroutines, ODIENT, RKQC, and

RK4 are adapted from Press et al (1986). The subroutine DERIVES is the user supplied

subroutine that defines the set of differential equations to be solved. These equations are

given by Equations 1 through 6 (see DERIVES description). Called by CROP1,

PASTURE1, HAY1, SHORT, CROPN, HAYN, and PASTUREN.
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TILL< This subroutine calculates the redistributed soil inventories after tillage

(Equation 10). Called by CROP1 and CROPN.

j?ALLOUT; This subroutine calculates the fallout fraction to vegetation and soil

(Equation 13). Called by CROPl, PASTURE1, and HAY1

~ ~S subroutine calctites the integrated pasture concentration for a user

defined time period (usually shorter than the grazing season) for the year the fallout event

occurred on. The amount of time the pasture inventory is integrated over based on the

amount of overlap between the time of the accident (TI) plus and the value of TINTM, and

the time period when the cows are on pasture. Called by PASTURE1.

RDK; This subroutine is used to calculate radioactive decay and ingrowth in stored

feed inventories (hay, grain and legumes) (Equation 27). Activity inventories in stored f~

and food crops are also integrated (Equation 28) over the consumption period. Several

subroutines are included in this RDK. These subroutines (S1000 and S2000) have been

adapted and translated fkom the BASIC code presented in Birchall, 1986. Called by FEEDI,

HAY1, and HAYN.

DERIVES : The DERIVES subroutine contains the differential equations that define

the time variable inventories of each of the state variables (Equations 1 through 6). The time

variable compartments are the vegetative surface (@s), the soil surface (Qss), the labile soil

(Qrs), the vegetative internal (Qvi) and the tied soil (Qfs). Three additional compartments

are used to integrate inventories in the vegetative surface (Qivs), vegetative interior (Qivi)

and soil surface (Qiss). The total number of compartments is therefore, eight. This basic

model is multiplied by the number of radioactive progeny (four) to make a total of 32

compartments that are solved for each time step (Figure 16). All calculations performed in

this subroutine are in units of number of atoms m‘2. Activity inventories are converted to

number of atoms in the subroutine, RK4SOLVE. Each compartment is assigned an array
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COMPARTMENTS AND VARIABLES IN THE DERIVS SUBROUTINE
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element (1 to 32). Rate constants are defined in terms of the pareti compartmental array

element they operates on. For example, rate constant “221” represents the sum of the

rainsplash and resuspension rate constants. The first number in the variable identification (2)

designates the “donor” compartment and the last number (1) designates the “receiving”

compartment. This designation scheme is followed for each member of the decay chain.

Nuclide specific rate constants, decay rate constant (D), leach rate constant (23), and foliar

absorption rate consmt (215) are defined as arrays of four elements. Array element 1 refers

to the first member of the decay chain (J= 1, parent nuclide), array element 2 refers to the

second member of the decay chain (J=2, first progeny member), array element 3 refers to

the third member of the decay chain (J=3, second progeny member) and array element 4

refers to the forth member of the decay chain (J=4, third progeny member). Called by

ODEINT, RKQC, and RK4.

8.4 COMIDA Input Files

Two input files are required for execution of COMIDA. The names of these files

have been “hardwired” to COMIDA.PAR and COMIDA.VAR. The COMIDA.PAR file

contains accident and scenario specific data and data that is not nuclide specific. The

COMIDA.VAR file contains all nuclide specific data. These files are free format and

therefore do not require a specific numeric format or column position however, a value for

each input variable must be present in the file. Comments may follow the last value read on

a line. Line by line input to these files is given in Tables 1 and 2. A further explanation of

several of the input parameters follows.

The variable, TINTM, is the number of days from the time of the fallout event, that

the transfer of radioactivity from pasture forage and soil, to dairy products (milk) is

evaluated for. This computation (calculated in subroutine SHORT) calculates the integrated

pasture forage and pasture soil concentration while dairy cows are on pasture for the time

period, ’11(time of fallout event) to TI+TINTM. This value is then passed to subroutine

MILK to calculate the “Short Term” integrated milk concentration. The calculation is

performed separately from the “accident” (first) year pasture forage and milk computations,
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and may be used to evaluate the benefits of restricting grazing immediately following a

fallout event. The amount of time the pasture forage and pasture soil are integrated over

depends on the amount of time dairy cows are on pasture f%omthe time of the fallout event,

to TINTM days past the event. For example, suppose TI is Julian day 100, TINI’M = 60

days, TSL is Julian day 120, and TEL is Julian day 300. Dairy cow consumption of pasture

forage and pasture soil is evaluated from Julian day 100 (the&y of the accident) to Julian

day 160 (TI+TINTM). Since grazing begins on day 120, the integration time for pasture

and soil inventories is 160-120 = 40 days. This is the amount of time cows are on pasture

from the time of the accident to time TI + TINTM. If the accident occurred on day 310,

then no “Short Term” integrated milk concentration would be calculated since dairy cows

would not be on pasture during the time period, TI to TI+TINTM. Values for the “Short

Term” integrated milk concentration from pasture are output for the first accident year only.

The NTI’MESvariable is the number of “accident” years that results are to be printed

for. The KYEAR variable is the array that holds the “uccidentyear numbers” that results

are printed for. The value of, KYEAR(NTTMES),(the last value read by KYEAR) is the

number of years from the time of the fallout event, that results are calculated for. For

example if NITMES=6, then results are pMted for six separate accident ywrs. The years

designated by NTIMES maybe consecutive (1, 2, 3, 4 ...) or skip some years where results

are not preferred (1, 10, 20,30 . ..). However the year numbers must be in increasing

order. In this example, six KYEAR values must be present, and the first year must be year

1. Suppose impacts out to 50 years fkom the time of the fallout event is desired with

intermediate results also printed. The KYEAR values maybe 1, 10, 20, 30, 40 and 50.

Given these values for KYEAR and NTIMES, COMIDA will calculate results out to 50

years from the time of the fallout event and print results for year 1, 10, 2030, 40, and 50.

The NCUTOFF variable is the number of parent

results for before terminating. The variable, CUTOFF,

of years from the time of the fallout event that the code

terminating and is given by:
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CUTOFF = NCUTOFF X THALF. , —--

For example, if a nuclide’s half life is 3 years and NCUTOF= 10 then results will be

calculated out to 30 years and zeros wilI be printed for results beyond 30 years. This

variable is used for nuclides with relatively short half-lives when compared to the time period

impacts are calculated for. A minimum value of at 10 and a maximum value of 70 is

recommended for NCUTOFF. Using a value of 10, only about 0.1 % of the original activity

remains in the system after this time. Beyond 70 half-lives, the numerical solver in

COMIDA becomes somewhat unstable due to rounding error and may result erroneous

output.

The animal feed consumption rates used in COMIDA are annual average daily

consumption rates for all f~s except pasture. For pasture, the average daily consumption

rate of pasture forage, while the animal is on pasture is required. The annual average feed

consumption rate is calculated by taking the

or hay) consumed in a y= and dividing by

2000 kg (dry weight) of hay in a year, then

2000 kg
= 5.5 kg d-l (dry weight).

365 d

total amount of a given feed type (grain, legume

365 days. For example if dairy cows consume

the annual average daily ingestion rate of hay is

Pasture forage consumption rates requires, the average daily consumption rate of

pasture forage while the animal is on pasture. For example, if a beef cow consumes 800 kg

of pasture (dry weight) during the grazing season, and the grazing season lasts 150 days,

then the average daily ingestion rate of pasture forage is

800 kg
— = 5.33 kg d-l (dry weight).
150 d
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Table 1. Deacnption of COMIDA input peremetem for tbe COMIDA.PAR tik. The MR4 end MAX veluee refer to the allowable minimum eod

allowable maximum values for that veriable that the code will accept.

card Record Verieble Code Type Description
Verieble

1

2

3

4

5

6

7

8 1

8 2

9 1

9 2

10

10

10

11

11

12

12

1

lto5

ltos

ltos

ltos

ltos

Itos

1

2

3

1

2

1

2

Tvc Tvc(l)

BI BIC(I)

BMAX BMAXC(l)

B3TAND BSTAND(T)

—

RP

RH

PD(l)

ZKGP

ZSEN

BIP

BMAXP

ZKGH

BIH

NCUT

TCUHJC)

RPB

RHB

cHA3ucrER

INTEGER

80 cberecter title of computer simulation.

Tranefer factor from the expoeed to edible surfeccs of crqm for grains

(I= 1), 1+ vegetables (1=2), root crops (1=3), Mite (1=4), and
kguma (l=$. Army of 5 ekmenta. (uNtkee). MIN:O.O MAX:l.O

Ctop growth me constants for greine (I= 1), lea~ vegetables (1=2),

-crops (7=3), fnite ff=E4), and legumes (I-5). Army of 5

elements. (t’). MIN:O.O MAX:1O

Initial crop biornaas for grains (I= I), leafy vegetables (1=2), root

cfop~ 0=3)s ~~ 0=4)s ~ legu~ 0=5). ~y of 5 ekmmta.
@g m-’, dry weight). MIN:lE-6 MAX:lW

Maximum crop biomass for gmim (I= 1), ke~ vegetables (1=2), root

c~s 0=3)s fil~ 0=4), ~ legu~ 0=$. ~Y of 5 elemeti.
(kg m-’ dry weight). MIN:lE-2 MAX:IOOO

Maximum eteodiig biomeaa for gmina (1=1), Ieafi vegetables (1=2),

root crops (1=3), Wits (3=4), end legumes (3=5). Amy of 5

eleztwnta. (kg m-z dry weight). MIN: 1E-2 MAX: 1000

Xatio of dry to wet weight for groins (1= 1), Ieafi vegetables (1=2),

root crops (3=3), filta (1=4), and legumes 0=5). Array of 5
elemerM. (unitkm). MIN: 1E-10 MAXI.0

Gcowtb mte constant for pasture (ti). MIN:O MAX:1O

%nescence mte constant for pasture (d’). MIN:O MAX: 10

Initial biomaea for paeture (kg m’2, dzy weight). MIN:lE-6 MAX:lCO

Maximum biomees for pwture (kg m“, dry weight). MIN:lE-2

MAx:looo

Growth mte constant for hey (t’). MIN:O MAX:1O

Initial biomeae for hey (kg m’, dry weight). MIN:IE-6 MAX1OO

Maximum biomees for hey (kg m’, dry weight) MIN:1E2

MAx:looo

Number Of bay CUttiOgS in a )’cu. MIN:l ~:3

T-of K? hey cutting. Army of 3 elements where NCUT number

of values are med. (lulian day) MIN:l MAX:365

Deiiy consumption mte of paeture for beef cattle while on pasture (kg

d’, dry weight). MIN:O MAX: 100

Annual avemge consumption mtc of hey for beef cattle (kg d, dry
weight). MIN:O MAX:1OO
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Table 1. (COIUiliU@.

card Record Variable Codo Deac*

Vlriehle

12

12

12

13

13

13

13

13

14

14

14

15

15

15

15

15

16

16

16

16

17

3

3

3

1

2

3

4

5

1

2

3

1

2

3

4

5

1

2

3

4

1

RG

Rs

IW

RP

RH

RG

Rs

RL

RG

M

RG

RP

RH

RG

Rs

RL

KP

Kw

Kr

Kra

Paa

RGB

RSB

ME

RPM

RGM

RSM

RUU

RGPL

RSPL

WL

RPo

RHo

RGO

Rso

RLo

ZKP

ZKR

Pss

Anmal ●verage conaurnptionrate of grain for bacf cattle (kg d’, dry

WOi@t). MI’N:O MAX:1OO

Anmul ●vemge consumption rate of soil fix beef cattle (kg d’).

Mnu:o MAx:lm

Anrmal ●verage consumption mte of Iegumcs for beef cattle (kg rt’,
dry weight). MXN:O hMX:lW

Daily conauqtion rate of pmtum for daii cows while on peeOIra (kg
d’, dry weigitt). MIN:O MAX:1OO

Anmial ●verage conrutqtion rate of hay for dairy cows (kg ~’, dry
weight). MIN:o MAx:loo

Annual avenge consumption rate of grain for dairy cows (kg d’, dry
weight). MxN:o MAx:loo

Annual ●verage consumption rate of soil for dai~ cows (kg t’).

MIN:oMAx:loo

Annual avemge consumption rate of legumes for daii cows (kg d’,
dty weight). MIN:O MAX 100

AroaIoI average coruaunption rate of grain for poultry (kg t’, dry
weight). MIN:o MAx:loo

Annual ●verage consumption rate of soil for poultry (kg &). MIN:O

MAX:1OO

Annual evemge conturnption mtc of Iegumea for poultq (kg 8’, dry
weight). MIN:O MAX:1OO

Daiiy consumption rate of pasture for optional other animal while on

pmture (kg &’, dry weight). MIN:O MAX:1OO

AMUOI ●venge consumption mte of hay for optional other animal (kg
d-’, dry weight). MIN:O MAX:I~

Annual ●vemga consumption mte of grain for optionei other animal

(kg d’, dV weight). MIN:O MAX:1OO

Ammal average consumption rate of soil for optional other animal (kg
d’). MrN:o MAx:loo

Annual avemge conaurnption mtc of Iegumcs for optional other anirnai

(kg d’, dry weight). MIN:O MAX:ltM
Percolation rate cooatant (d-’). MIN:O MAX: 10

Weathering rate constant (d’). MIN:O MAX:1O

Reauapcnaion rata constant (t’). MIN:O MAK: 10

Raiilaah rate Constant (d-’). MxN:o MAx:lo

Surface soil &naity (kg nr~. MIN:l MAX:1E4
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Tabla 1. (COOtiMld).

cd Rcmrd Ve&ble Codo Dcecription
Variable

17

17

17

18

19

19

19

19

19

20

20

20

20

21

21

21

21

21

21

22

22

2

3

4

lto7

1

2

3

4

5

1

2

3

4

1

2

3

4

5

6

1

Par

Xr

Xe

a

‘m

TSC

TSL

TEC

TEL

m

T,

T,

T,

T,

T,

T,

l+ NTIMEs —

XR

Xs

ALPHA(T)

Tr

Tsc

TSP

TSL

TSH

TEc

TEL

TI

THBEEF

TIU@L

THOTHER

THGL

THHAY

WEAR(l)

REAL

REAL

INTEGER

INTEGER

IAbti soil bulk deneity @g m-~. MIN:l MAX:IE4

l%ickneea of rooting (lebde) ad zone (m). MIN:lE-6 MAX:1OO

lhickneee of aurfice coil (m). MIN:IE-6 MAX:1OO

Foiier interception conaem for greine (I= I), Ieafi vegetablca (f=2),
rmx crops (1=3), tkita (1=4), legumes (X=5), hey (1=6) and paemre

~=7’). Array, 7 elements(d kg”’). MIN:O MAX:1OO

Shmt tam integration time for milk while cows are on paeturc (d).

?uUN:l kMX:~-TSL)

Tii of Crop tillege (hdii &y). MIN:l MAX:365

Start of crup growing aeuon (Juliin day). MIN: 1 MAX:200

Stem of paaturc growing euaon (Julii day). MIN: 1 MAX:200

Start of Iiveamck grazing acaaon (Mien day). MIN:l MAX:365

Stem of hey growing eeaeon (3Uhn day). MIN: 1 MAX:200

Crop hmvest time (Mien day). MIN:I MAX:365

End of liveetock grazing scaeon (Mien day). MIN:l MA?C:365

Day of rel.usa incident @ien day) MIN:l MAX:365

Hold-up tinE for bf fmm time of daughter to time of human

inge@ion (&y~). MIN:O MNL365

Hold-up tk for milk fim time of production to time of human

-00 (days). MIN:O MAX:365

Hold-up time for poultry from time of sleughtcr to time of human

iogeation (days). MIN:O MAX:365

Hold-up time for other animal from time of slaughter to time of
hum ingestion (days). MIN:O MAX:365

Hold-up time for grain and legume animal feed from time of harveet

to etefi of cooeumption (days). MIN:O MAX:(365-TEC)

Hold-up time for hay ti-om time of harveat to start of consumption
(&y,). MIN:O MAX:(365-TCUT@CUT))

Number of yaam rcsultJ are to be printad for. MIN: 1 MAX: 100

The year oumbera, following the relenac tildent, results am to be

printed for. Fii value of KYEAR must be 1. This corresponds to
the year the titdent occurred. The laet value of KYEAR is the laat

year reauha arc calculated for. MtN: 1 MAX: 1E6
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Tahla 2. DaacriptioIs of COMIDA input pamnatera fw the COMIDA.VAR file.

. card Record Variable Code Type Daacriptioo

Vasiabk

. 1 1 NNuc INTEGER

NCYTJ2 Grda2thmugh 10arerepaated NNUCnumbaroffi

2

2

2

3

4

5

5

5

l—

2—

3 to NPROO+3

lto4 —

lto4 KI

1 Kad

2 Kdo

3—

Nut(l)

NPRoo

NUC(J)

ZKDE

NCUI’OFF

CHAMCI’EU

INTEGER

CHARACTER

INTEGER

NUIT: Cards 6 through 10 ma repeatmi NPROG number of times.

6 lto5 CR CRC(U)

7 lto5 Kab ZKABC(LJ)

8 1 CR

8 2 CR CRH(J-)

9 1 Kab ZKABP(I’) -REAL

9 2 Kab ZKABH(J’)

10 1 TC TCB(J)

10 2 TC TCh4(J)

10 3 TC TCP(J)

10 4 TC TCO(J)

Number of rsuclidaa in simulation

character ●my identification for pareti nuctida (J= 1)

Number of progeny (3 maximum)

Chamcter array identification for NPROG number of progeny

rmclides (J-2 to J=4)

Half life for parcti (J= 1) and NPROO 0=2 to J=4) number of

PWny (0

Luch rata constant for parent (J=l) and NPROO (3=2 to J=u4)
number of progeny (&’).

Adsorption rataconstant for parent oucfide in tixad mil (d_’).

Daaorption rata corsauot for parent nuclide in fixed soil (&).

Number of half-lives to compute cooceotmtiona for. (unitkaa)

Concentration ratiofor crop t and decay chaii member J’

Foliar absorption rata constant for crop 1’d decay chain member ~

(&’)

tmnratio fofiw~y c~~~a~r~Cmxentra “

Concentrationratio for hay for decay chaii member ~

Foliar absorption rata conatd for pmsQsrafor decay chaii member P

(d-’).

Foliir abamption rata constant for hay for decay chain rrsembcr ~ (d_

‘).

Beef transfer coefficient for decay chain member ~ (d kg’)

Milktransfer coefficient for decay chaii member ~ (d L’)

Rndtry transfer coefficient for decay chaii member ~ (d kg-’)

other animal tramfer coefficient for dway chaii member ~ (d kg’)

(a) l%e value of I irs&catea the crop type: 1 =graioa, 2=lcafy vegetable, 3 =root crops, 4= fruita, 5 = legumes.

(b) The value of J indicates the decay chain mcmben J= I,the pare@ J=2, the tirat progeny member, J=3, the second progeny member, J=4,
rhe thhd progeny mcrnbcr.
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8.5 COMIDA Output

A formatted printout of output produced by COMIDA is written to the

COMIDA.OUT file. The output 131econtains the following information:

1. Header and version number of code.

2. Accident scenario and site specific data read from the COMIDA.PAR file.

3. Nuclide specific data and results of calculations printed on a nuclide by nuclide

basis.

4. Execution time of the code

COMIDA

integrated animal

output includes concentrations in crops at the time of harvest and 365 day

product concentrations for the years selected for printing by the NTTMES

and KYEAR variables. Additional values are also reported. These values include

concentration in the soil compartments and cumulative integrated crop and animal product

inventories.

The concentrations listed under “VEGETATION SURF” and “VEGETATIONINT”

are the concentrations on the crop surface and in the crop interior at harvest @q kg-lwet

weight). The surface concentration has been corrected for translocation from the surface to

the edible portion of the crop. The “VEGETATIONTOTAL” line is the sum of the crop

internal and external components. The line “CUMULAT TOT” is sum of the current and

all previous accident years harvest concentration. Each individual year’s harvest

concentration is integrated for 365 d and added to all previous year’s integrated harvest

concentrations to give an integrated concentration in crops from the time of the accident to

the year the results are pMted for. The soil concentrations, SURFACE SOIL, LABILE

SOIL and FIXED SOIL, are the soil concentrations at the beginning of the next growing

season.

The animal feeds,

and include contributions

grain, hay, legume, and soil, are integrated for the accident year

from the current years crops and those from prior years. The grain
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and legumes concentrations are taken tim the human food crop results (calculated in
. CROP1 and CROPN subroutines). These results are not corrected for surface translocation

and are converted to dry weight instead of wet weight. The pasture results represent the
.

integrated concentration during the accident year when animals are on pasture.

“TOTAL” column represents the sum of all five contributions to the integrated

The

animal

concentration.

8.6 Sample Problems

Four sample problems

assumed to occur during each

are presented in Appendix A for a ‘Mo release event that was

of the four seasons. These examples illustrate the time-

dependency of the accident on the fd product concentration in addition to the treatment of

radioactive progeny in COMIDA. Input values for the parameters used in the sample

problems were obtained from Baes and Sharp (1984), Whicker, (1987), and some were

assumed. The values used in these examples should not be considered appropriate in for all

applications of COMIDA and were used only to demonstrate the code.

The sample problems were run on an IBM Personal System 2, Model 76486 with a

math co-processor. Results were calculated for 15 years past the date of the release event.

The execution time for these four cases (fall, winter, spring, summer) was around 60 seconds

per case. The same problems were run

MP/216 and a SUN 4/110 workstation.

X-MP/216 and 56 seconds for the SUN

with a version of COMIDA compiled on a CRAY X-

The CPU run times were 6 seconds for the CRAY

4/1 10 workstation.
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APPENDIX A: Sample Problems

.
Four sample problems are presented in this appendix. These sample problems use a

%0 source released at four different times of the yea spring, summer, fall and winter.
. These sample problems demonstrate the radioactive decay and ingrowth features and the

seasonal sensitivity of COMIDA. Results were calculated for 15 years past the date of the
release event. Results for three of the 15 years are printed to the output fde.

J=NUMBER OF PROGENY
I=TYPE OF CROP

COHIM.VAR file used for all azqle runs.

1
‘MO-93‘ 1, ‘NE-93 ‘
1.277E+06 5.329E+03
2.5E-04 1.45E-05
1.OE-9 1.OE-9 10
0.25 0.25 0.25 0.25 0.25
5.5E-9 5.5E-9 5.5E-9 5.5E-9 5.5E-9
0.20, 0.0016
1.OE-9 1.OE-4
6.OE-3 1.5E-3, 0.891, 0.912
0.01 0.01 0.01 0.01 0.01
5.5E-9 5.5E-9 5.5E-9 5.5E-9 5.5E-9
0.002, 0.0016
.023 1.OE-2
0.222 0.432, 0.891, 0.912

NNUC
NUC(l) NPR06 NUC(J. .NPROG)
THALF(J)
ZKL(J)
ZKAO ZKOE ncutoff
CRC(I, J)
ZKABC(I,J)
CRP(J) CRH(J)
ZKABP(J) ZKABH(J)
TCB(J),TCM(J),TCP( J),TCO(J)
CRC(I. J)
ZKABC(I.J)
CRP(J) CRH(J)
ZKABP(J) ZKABH(J)
TCB(J) ,TCM(J),TCP(J) ,TCE(J)

COHIM.PAR input file for releaseevent occurring in fall.

,

.

‘SAMPLE PROBLEM FOR SANOIA NAT LAB USING MO-93 ANO NB-93 PROGENY FALL ACCIDENT ‘ TITLE
0.10 1.00 0.10 0.10 0.10 TVC(I), I=I,5
0.12 0.12 0.12 0.12 0.12 ZKGC(I), I=1,5

0.015 0.039 0.039 0.039 0.039 BIC(I), I=1,5
0.73 0.628 0.628 0.628 0.73 BNAXC(I), I=1,5

0.73 0.628 0.628 0.628 0.73 BSTANO(I), I=1,5
0.15 0.27 0.15 0.15 0.15 FD(I), I=1,5

0.035 0.120 ZKGP ZSEN
0.07 0.30 81P BHAXP
0.27 0.08 0.628 ZKGH BIH BMAXH
3 170. 230. 290. NCUT (TCUT(I) ,1=1,NCUT)

8.85 1.7 1.27 0.5 1.2e-l RPB RHB RGB RSB RLB
8.85 1.7 1.27 0.5 1.2e-l RPM RHM

w

SU RLM
0.095 0.01 0.01 RGPL RL PL
0.095 0.01 0.01 0.01 0.0 RPO RHHO O RSO RLO

1.98E-2 5.7E-2 1.73E-3 B.6E-4 ZKP,ZKU,ZKR,Zkrs

1000.0 1400. 0.25 0.001 0.39 PSS,PSR,XR,XS ALPHA

2.60 2.602.60 2.602.602.602.60 ALPHA(I), I=1,7
71. 65. 75. 110. 111. TINTM TT,TSC,TSP,TSL

120. 290. 300. 285. TSH TEC,TEL,TI
0.,0.,0.,0.,0.,0. THBEEF, THMILK, THPOL ,THOTHER ,THGL ,THHAY

31215 NTIMES KYEAR
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COMIDAoutput file for releaseevent occurring in fall.

R(#)mein. f 1.4 1/19/93 09:59 :oo\o
@(#) inputpar. f 1.8 10/25/93 10:24 :34\0
TIME: 11:48:57.04
DATE : 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANOIA NAT LAB USING MD-93 ANO NB-93 PROGENY FALL ACCIDENT

******************** ~o~, DA *********************

● A dynamic food chain model for use in the NACCS ●

● reactor consequence code. ●

● Arthur S. Rood and Michael L. Abbott *
* Idaho Nat ions1 Engineering Laboratory *
● EG&G Idaho PO Box 1625 Idaho Fal 1s ●

* 1083401. ●

* Version Control Copy ●

● Version 1.01 October 25, 1993 ●

****** ****************************-***-****

.....a*.=..%%= .......a.... ..=.......x=...= ....a.= .....................a..%
ACKNOULEOGEMENT OF GOVERNMENT SPONSORSHIP ANO

LIMITATION OF LIABILITY

This meteri a1 resulted from work developed under U.S. Department of
Energy, Office of Energy Research, DOE Field Office Idaho

Contract Number OE-AC07-761001570.
Neither the United States nor the Un ited States Department of Energy
nor any of their employees, makes any warranty expressed or imp1ied, or
assumes any legal 1iabi1ity or responsibi 1ity for the accuracy
completeness, or usefulness of any infonnat ion, apparatus, product or process
disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and ODEINT are Copyright (C) Nunwica 1
Recipes Software. Reproduced by permi ssion from the book, Numar ica1
Recipes, Cambridge University Press.
.....................sx.=.*.a==.m . ......=....%=*.= .............. .... ...

PARAMETER VALUES FOR COMIOA
------ CROP VALUES ------

INTERCEPTION FRAC (m**2/kg):
FRACTION TO EOIBLE PORTION OF CROP:
GROWTH RATE CONSTANT (d-1):
INITIAL CROP BIONASS (kg(dry)/m**2):
MAXIMUM CROP BIONASS (kg(dry) /m**2 ):
STANOING CROP BIOMASS(kg(dry)/m**2):
ORY WEIGHT TO WET UEIGHT RATIO:

------ ANIMAL FEEO PARAMETERS ------

GROWTH RATE CONSTANT (d**-l ) :
INITIAL CROP BIOMASS (kg(dry)/m**2):
MAKIMUM CROP BIOMASS (kg(dry)/m**2 ):
FOLIAR INTERCEPTION FRAC (m**2/kg):
SENESCENCE RATE CONSTANT (d-1) :

LEAFY ROOT
GRAINS VEGETABLES CROPS FRUITS LEGUMES

2.60E+O0 2.60E+O0 2.60E+O0 2.60E+O0 2.60E+O0
1.00E-01 1.00E+OO 1. 00E-01 1. 00E-01 1.00E-01
1.20E-01 1.20E-01 1.20E-01 1.20E-01 1.20E-01
1.50E-02 3.90E-02 3.90E-02 3 .90E-02 3.90E-02
7.30E-01 6.28E-01 6.28E-01 6.28E-01 7.30E-01
7.30E-01 6.28E-01 6.28E-01 6.28E-01 7.30E-01
1.50E-01 2.70E-01 1.50E-01 1.50E-01 1.50E-01

GRAINS LEGUMES HAY PASTURE* SOIL

--- --- 2.70E-01 3.50E-02 ---
--- --- B.00E-02 7.00E-02 ---
--- --- 6.28E-01 3 .00E-01 ---
--- --- 2.60E+O0 2.61JE+O0 ---
--- --- --- 1.20E-01 ---

ANNUAL AVG BEEF COU CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0 B.85E+O0 5.OOE-01
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0 8.85E+O0 5.OOE-01
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02 1.00E-02 --- --- 1.00E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02 0.00E+OO 1.00E-02 9.50E-02 1.00E-02
* ingestion rate only while animal is on pasture

----- OTHER FEEO PARAMETERS -----
NUM8ER OF HAY CUTTINGS: 3
HAY CUTTING TIMES (JULIAN OAY): 170. 230. 290.
SHORT TERM PASTURE INT. TIME FOR MILK (d): 7.1OE+OI
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------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-l ) :
WEATHERING RATE CONSTANT (d**-l ):
RESUSPENSION RATE CONSTANT (d**-l) :
RAINSPLASH RATE CONSTANT (d**-l) :
SURFACE SOIL OENS ITY (kg/m**3 ):
ROOT SOIL OENSITY (kg/m**3 ):
DEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.00E+03
1.40E+03
2.50E-01
1.OOE-03

------ TIME PARAMETERS ------
TIME OF TILLAGE (JULIAN OAY) : 65.
5TART oF cRoP GRObIING SEASON (JULIAN DAY):
START OF pASTURE GROWINGSEASON (JULIAN OAY): 11;:
START OF GRAZING SEASON (JULIAN OAY) : 111.
START OF HAY GROWINGSEASON (JULIAN OAY) : 120.
ENO OF CROP GROWING SEASON (JULIAN OAY) : 290.
ENO OF GRAZING SEASON (JULIAN OAY) : 300.
TIME OF FALLOUT EVENT (JULIAN DAY): 285.
HOLO-UP TIME, BEEF (OAYS) : 0.
HOLO-UP TIME, MILK (OAYS) : 0.
HOLO-UP TIME, POULTRY (OAYS) : 0.
HOLO-UP TIME, OTHER ANIMAL (OAYS ): 0.
HoLo-up TIME, ANIMAL FEEO GRAIN&LEGUME (DAYS): o.
HOLO-UP TIME, ANIMAL FEEO HAY (DAYS): o.

UNITS : CROP CONCENTRATION: Bq/kg (wet weight)
ANIMAL FEEO COMPARTMENTS: Bq/m**2 (dry weight)
SOIL COMPARTMENTS: Bq/m**2
MILK: Bq-d/L
MEAT: Bq-d/kg

NUMBER OF NUCLIOES EVALUATEO 1

PARENT NUCLIOE NAME: MO-93 NUMBER OF PROGENY: 1
SOIL ABSORPTION RATE CONSTANT (d**-l) 1.00E-09
SOIL RESORPTION RATE CONSTANT (d**-l) 1.00E-09
NUMBER OF HALF LIVES TO CUTOFF 10
CUTOFF TIME (years) 3.50E+04
------------------------- ---------------------

OATA FOR MEMBER # 1 MO-93 HALF LIFE (d) 1.277E+06 LEACH RATE (d**-l) 2.50E-04
CROP TYPE ~>> GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+O1 7.00E+O1 7.03E+01 7.03E+oI 7.03E+01 1.60E-03 2.00E-01
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PROOUCT =->> BEEF (d/kg) MILK (d/L) POUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 8.91E-01 9.12E-01

OATA FOR MEMBER # 2 NB-93 HALF LIFE (d) 5.329E+03 LEACH RATE (d**-l) 1.45E-05
CROP TYPE >>>

CONCENTRATION RATIO
FOLIAR ABSORPTION

ANIMAL PROOUCT >>>
TRANSFER COEFFICIENT

============== RESULTS
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE
1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02
BEEF (d/kg) MILK (d/L) POUL (d/kg) OTHER (d/kg)
2.22E-01 4.32E-01 8.91E-01 9.12E-01

FOR ACCIOENT YEAR NUMBER 1==================

VEGETATION SURF (Bq/kg) 1.32E-02 2.62E-01 1.45E-02 1.45E-02 1.32E-02
SURFACE SOIL (Bq/m**2) 1.71E-02 1.86E-02 1.86E-02 1.86E-02 1.71E-02
LABILE SOIL (Bq/m**2) 3.31E-01 3.63E-01 3.63E-01 3.63E-01 3.31E-01
FIXEO SOIL (Bq/m**2) 3.72E-08 4.08E-08 4.08E-08 4.08E-08 3.72E-08
VEGETATION INT (Bq/kg) 4.19E-09 8.30E-09 4.61E-09 4.61E-09 4.19E-09
VEGETATION TOT (Bq/kg) 1.32E-02 2.62E-01 1.45E-02 1.45E-02 1.32E-02
CUMULAT TOT+ (Bq-d/kg) 4.82E+O0 9.55E+01 5.30E+O0 5.30E+o0 4.82E+O0
-------------------- -
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INTEGRATED ANIMAL PRODUCT AND FEED INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 3.17E+02 1.16E+02 3.17E+02 1.95E+01 5.04E+OI --- ---
BEEF 2.41E+O0 1.19E+O0 2.28E-01 1.04E+O0 1.51E-01 5.OIE+OO 5.OIE+OO
MILK (Bq-d/L) 6.03E-01 2.96E-01 5.70E-02 2.59E-01 3.78E-02 1.25E+O0 1.25E+O0
POULTRY 2.68E+OI --- 2.82E+O0 --- 4.49E-01 3.OIE+O1 3.OIE+O1
OTHER 2.89E+O0 1.06E+O0 O.00E+OO 1.69E+O0 4.60E-01 6.10E+OO 6.10E+OO
---------------------

71. DAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/L) : 2.53E-01
RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 8.58E-06 1.70E-04 9.45E-06 9 .45E-06 8.58E-06
SURFACE SOIL (Bq/m**2) 3.41E-04 3.72E-04 3.72E-04 3.72E-04 3.41E-04
LA51LE SOIL (Bq/m**2 ) 6.72E-03 7 .36E-03 7.36E-03 7.36E-03 6.72E-03
FIXED SOIL (Bq/m**2) 7.47E-10 8.19E-10 8.19E-10 8.I9E-10 7.47E-10
VEGETATION INT [Bq/kg) 2.72E-12 5.39E-12 3.00E-12 3.00E-12 2.72E-12
VEGETATION TOT (Bq/kg) 8.58E-06 1.70E-04 9.45E-06 9.45E-06 8.58E-06
CUMULAT TOT+ (Bq-d/kg) 1.16E-01 2.29E+O0 1.27E-01 1.27E-01 1.16E-01
---------------------

INTEGRATED ANIMAL PRODUCT ANO FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED 7.50E+O0 2.75E+O0 7.50E+O0 6.46E-02 4.00E-01 --- ---
BEEF 2. llE+OO 1.04E+O0 2 .00E-01 1.27E-01 4.44E-02 3.53E+O0 3.53E+O0
MILK (Bq-d/L) 4.12E+O0 2.02E+O0 3 .89E-01 2 .47E-01 8.64E-02 6.86E+O0 6.86E+O0
POULTRY 6.35E-01 --- 6.68E-02 --- 3.56E-03 7.05E-D1 7.05E-01
OTHER 6.84E-02 2.51E-02 0.00E+OO 5.59E-03 3.65E-03 1.03E-01 1.03E-01
---------------------

71. OAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/L ): 7.78E+01
============== RESULTS FOR ACCIDENT YEAR NUM8ER 2==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG RDOT FRUITS LEGUMES

VEGETATION SURF (Ba/kq) 3.39E-06 7.76E-05 4.31E-06 4.31E-06 3.39E-06
SURFACE SDIL (Bq)m**2j
LABILE SOIL (Bq/m**2)
FIXED SOIL (Bq/m**2)
VEGETATION INT (Bq/kg )
VEGETATION TOT (Bq/kg )
CUMULAT TOT+ (Bq-d/kg)
-------- -------------

1.25E-04 1.38E-04 1.38E-D4 1.38E-04 1.26E-04
2.87E-01 3.21E-01 3.21E-01 3.21E-01 2.89E-01
1.40E-07 1.56E-07 1.56E-07 1.56E-07 1.41E-07
7.33E-03 1.33E-02 7.43E-03 7.43E-03 6.83E-03
7 .33E-03 1.34E-02 7.43E-03 7.43E-03 6.84E-03
7.49E+O0 1.00E+02 8.02E+O0 8.02E+o0 7.31E+O0

INTEGRATEDANIMAL PROOUC? AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CLE4ULATIVE

ANIMAL FEED 2.21E+01 1.67E+O0 2.09E+OI 6.73E-02 7.69E-02 --- ---
BEEF 1.68E-01 1.70E-02 1.50E-02 3.57E-D3 2.31E-04 2.04E-01 5.22E+O0
MILK (Bq-d/L) 4.20E-02 4.25E-03 3.76E-03 B.93E-04 5.77E-05 5.lDE-02 1.30E+O0
POULTRY 1.87E+O0 --- 1.86E-01 --- 6.85E-04 2.05E+O0 3.21E+01
OTHER 2.OIE-01 1.52E-02 0.00E+OO 5.83E-03 7.OIE-04 2.23E-01 6.32E+O0
---------------------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.60E-07 3.67E-06 2 .04E-07 2.04E-07 1.61E-07
SURFACE SOIL (Bq/m**2) 8.24E-06 9.04E-06 9 .04E-06 9.04E-06 8.27E-06
LABILE SOIL (Bq/m**2) 2.07E-02 2 .30E-02 2.3DE-02 2.30E-02 2.08E-02
FIXED SOIL (Bq/m**2) 9.64E-09 1.D6E-08 1.06E-08 1.06E-08 9.66E-09
VEGETATION INT (Bq/kg) 1.71E-04 3.25E-04 1.81E-04 1.81E-04 1.66E-04
VEGETATION TOT (Bq/kg) 1.71E-04 3.28E-04 1.81E-04 1.81E-04 1.66E-04
CUMULAT TOT+ (Bq-d/kg) 2 .39E-DI 2.52E+O0 2.55E-01 2.55E-01 2 .33E-01
---------------------

INTEGRATED ANIMAL PRODUCT ANO FEEO INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 1.02E+O0 7.94E-02 9.77E-01 3.79E-03 6.17E-03 --- ---
BEEF 2.87E-01 3.00E-02 2.60E-02 7.44E-03 6.85E-04 3.51E-01 3.88E+D0
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MILK (Bq-d/L) 5.58E-01 5.83E-02 5.07E-02 1.45E-02 1.33E-03 6.83E-01 7.54E+O0
POULTRY 8.61E-02 --- 8.71E-03 --- 5.50E-05 9.49E-02 8.00E-01
OTHER 9.28E-03 7.24E-04 O.00E+OO 3.28E-04 5.63E-05 1.04E-02 1.13E-01. ---------------------
============== RESULTS FoR ACC 1QENT yEAR N~BER 15===-====_=u__

RESULTS FOR HEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES
.

VEGETATION SURF (Bq/kg) 2.69E-07 8.42E-06 4.67E-07 4.67E-07 3.OIE-07
SURFACE SOIL (Bq/m**2) 9.98E-06 1.49E-05 1.49E-05 1.49E-05 1.12E-05
LA81LE SOIL (Bq/m**2 ) 2.28E-02 3.49E-02 3.46E-02 3.48E-02 2.57E-02
FIXEO SOIL (Bq/m**2) 5.81E-07 7.06E-07 7.05E-07 7.05E-07 6.OIE-07
VEGETATION INT (Bq/kg) 5.B3E-04 1.45E-03 8.04E-04 8.04E-04 6.07E-04
VEGETATION TOT (Bq/kg) 5.83E-04 1.45E-03 8.04E-04 8.04E-04 6.07E-04
CUMULAT TOT+ (Bq-d/kg) 1.89E+01 1.24E+02 2.10E+O1 2.10E+O1 1.84E+01
---------------------

INTEGRATEO ANINAL PROOUCT ANO FEED INVENTORIES+ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 1.43E+O0 1.65E-04 1.49E+o0 1.91E-02 1.92E-Q3 --- ---
BEEF 1.09E-02 1.6BE-06 1.07E-03 1.OIE-03 5.77E-06 1.30E-02 5.B8E+O0
MILK (Bq-d/L ) 2.72E-03 4.20E-07 2.68E-04 2.53E-04 1.44E-06 3.24E-03 1.47E+O0
POULTRY 1.21E-01 --- 1.33E-02 --- 1.71E-05 1.34E-01 3.93E+01
OTHER 1.30E-02 1.50E-06 0.00E+OO 1.65E-03 1.75E-05 1.47E-02 7.06E+O0
---------------------

RESULTS FOR MEMBER # Z GRAINS LEAF VEG ROOT FRUITS LEGUNES

VEGETATION SURF (Bq/kg) 4.88E-07 1.26E-05 7.00E-07 7.00E-07 5.llE-07
SURFACE SOIL (Bq/m**2) 1.79E-05 2.22E-05 2.22E-05 2.22E-05 1.B8E-05
LABILE SOIL (Bq/m**2 ) 4.93E-02 6.1OE-O2 6.IOE-02 6.IOE-02 5.16E-02
FIXEO SOIL (Bq/m**2) 3 .82E-07 4.54E-07 4.53E-07 4.53E-07 3.93E-07
VEGETATION INT (Bq/kg) 1.38E-05 3.55E-05 1.98E-05 1.98E-05 1.49E-05
VEGETATION TOT (Bq/kg) 1.42E-05 4.81E-05 2.05E-05 2.05E-05 1.54E-05
CUMULAT TOT+ (Bq-d/kg) 7.70E-01 3.68E+O0 8.70E-01 8.70E-01 7.58E-01
---------------------

INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 7.78E-02 1.42E-04 8.24E-02 3.43E-04 6.49E-05 --- ---
BEEF 2.19E-02 5.36E-05 2.20E-03 6.73E-04 7.20E-06 2.49E-02 5.03E+O0
MILK (Bq-d/L) 4.27E-02 1.04E-04 4.27E-03 1.31E-03 1.40E-05 4.84E-02 9.78E+O0
POULTRY 6.59E-03 --- 7.34E-04 --- 5.78E-07 7.32E-03 1.15E+O0
OTHER 7.1OE-O4 1.30E-06 0.00E+OO 2.97E-OS 5.92E-07 7.42E-04 1.47E-01
---------------------

+ Cumulative 365 day integrated concentrateion in food products from the time of the accident.
+ Animal feed inventories are corrected for hold-up time from time of harvest to animal consumption time,

Animal product concentrateions are corrected for decay of the parent nucl ide frcm product ion (slaughter)
to human consumption.

EXECUTION TIME (seconds ) 59
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COMIM.PAR input file for release event occurring in winter.

‘SAMPLE PROBLEM FOR SANDIA NAT LAB USING MO-93 ANO NB-93 PROGENY WINTER ACCIOENT ‘ TITLE
0.10 1.00 0.10 0.10 0.10 TVC(I), I=1,5
0.12 0.12 0.12 0.12 0.12 ZKGC(I), I=1,5
0.015 0.039 0.039 0.039 0.039 BIC(I), I=1,5
0.73 0.628 0.628 0.62B 0.73 E04AXC(I),I=1,5
0.73 0.628 0.628 0.628 0.73 BSTANO(I ),1=1,5
0.15 0.27 0.15 0.15 0.15 FD(I), I=l.5
0.035 0.120 ZKGP ZSEN
0.07 0.30 BIP BHAXP
0.27 0.08 0.628 ZKGH BIH BMAXH
3 170. 230. 290. NCUT (TCUT(I) ,1=1,NCUT)
8.85 1.7 1.27 0.5 1.2e-l RPBRHB RGB RSB RLB
8.85 1.7 1.27 0.5 1.2e-l RPM RHM RGM RS14RLM
0.095 0.01 0.01 RGPL RLPL RSPL
0.095 0.01 0.01 0.01 0.0 RPO RHHO RGO RSO RLO
1.98E-2 5.7E-2 1.73E-3 8.6E-4 ZKP, ZKU,ZKR,Zkrs
1000.0 1400. 0.25 0.001 0.39 PSS. PSR,XR, XS ALPHA
2.602.602.60 2.60 2.602.602.60 ALPHA(I) ,1=1,7
71. 65. 75. 110. 111. TINTM TT,TSC ,TSP ,TSL
120. 290. 300. 30. TSH .TEC,TEL,TI
0.,0.,0.,0.,0.,0. THBEEF, THMILK, THPOL ,THOTHER ,THGL ,THHAY
31215 NTIMES KYEAR

CMIM output file for releaseevent occurring in winter.

@(#)main. f 1.4 1/19/93 09:59 :oo\o
@(#)inputpar. f 1.8 10/25/93 10:24 :34\0
TIME: 11:50 :00.B7
OATE : 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANOIA NAT LAB USING MO-93 ANO NB-93 PROGENY WINTER ACCIOENT

● ******************* COMI DA **********************

* A dynamic food chain model for use in the MACCS *
● reactor consequence code. ●

● Arthur S. Rood and Michael L. Abbott *
* Idaho Nat ions1 Engineering Laboratory *
● EG&G Idaho PO Box 1625 Idaho Fa 11s ●

* IO 83401. *
● Version Contro 1 Copy *
* Version 1.01 October 25, 1993 *
***** **********************************************

.=.== %=x=. =..=. ====. =..=.. =..5==.=.. =..== .=..= . ..=... = . . . . ..=== ..=== . ..=.. x.
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This materia 1 resulted fran work developed under U.S. Department of
Energy, Off ice of Energy Research, 00E Field Office Idaho

Cent ract Number 0E-AC07-761D01570.
Neither the Un ited States nor the United States Department of Energy
nor any of their entployees, makes any warranty expressed or imp1ied, or
assumes any legal 1iabi1ity or responsibi 1ity for the accuracy
completeness, or usefulness of any informat ion, apparatus, product or process
disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and 00EINT are Copyright (C) Numerical
Recipes Software. Reproduced by pemni ss ion frmn the book, Numer ica1
Recipes, Cambridge University Press.
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PARAMETER VALUES FOR COMIDA
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

INTERCEPTION FRAC (m**2/kg): 2.60E+O0 2.60E+OD 2.60E+O0 2.60E+O0 2.60E+O0
FRACTION TO EDIBLE PORTION OF CROP: 1.00E-01 1.00E+OO 1.00E-01 1.00E-01 1.00E-01
GROWTH RATE CONSTANT (d-1): 1.20E-01 1.20E-01 1.20E-01 1.20E-01 1.20E-01
INITIAL CROP BIOMASS (kg(dry)/m**2): 1.50E-02 3.90E-02 3.90E-02 3.90E-02 3.90E-02
MAKIMUM CROP BIOMASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.28E-01 6.28E-01 7 .30E-01
STANOING CROP BIOMASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.28E-01 6.28E-01 7 .30E-01
ORY WEIGHT TO WET WEIGHT RATIO: 1.50E-01 2.70E-01 1.50E-01 1.50E-01 1.50E-01

------ ANIMAL FEEO PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

GROWTH RATE CONSTANT (d**-l ): --- --- 2.70E-01 3.50E-02 ---
INITIAL CROP BIOMASS (kg(dry)/m**2): --- ‘-- 8.00E-02 7.00E-02 ---
MAKIMUM CROP BIOMASS (kg(dry)/m**2): --- ‘-- 6.28E-01 3.00E-01 ---
FOL IAR INTERCEPTION FRAC (m**2/kg): --- ‘--
SENESCENCE RATE CONSTANT (d-1) :

2.60E+O0 2.60E+o0 ---
--- --- --- 1 .2 DE-01 ---

ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0 8.85E+O0 5.00E-01
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0 8.85E+O0 5.00E-01
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9 .50E-02 1.00E-02 --- --- 1.00E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02 0.00E+OO 1.00E-02 9 .50E-02 1.00E-02
* ingestion rate only whi le animal is on pasture

----- OTHER FEEO PARAMETERS -----
NUMBER OF HAY CUTTINGS:
HAY CUTTING TIMES (JULIAN DAy):
SHORT TERM PASTURE INT. TIME FOR MILK (d):

------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-l ):
WEATHERING RATE CONSTANT (d**-l ) :
RESUSPENSION RATE CONSTANT (d**-l) :
RAINSPLASH RATE CONSTANT (d**-l ) :
SURFACE SOIL DENSITY (kg/m** 3):
ROOT SOIL OENSITY (kg/m**3):
DEPTH OF ROOTING ZONE (m):
SURFACESOIL COMPARTMENTTHICKNESS(m):

------ TIME PARAMETERS------
TIME OF TILLAGE (JuLIAN OAY):
START OF CROPGROWING SEASON (JULIAN OAY) :
START OF PASTURE 6R0wING SEASON (JULIAN OAY):
START OF GRAZING SEASON (JULIAN DAY):
sTART oF HAy GROWING SEASON (JULIAN DAY):
END OF CROP GROWING 5EAs0N (JULIAN OAY):
END OF GRAZING SEASON (JULIAN OAY) :
TIME OF FALLouT EVENT (JULIAN DAY):
HOLO-UP TIME, BEEF (OAYS) :
HOLO-UP TIME, MILK (OAYS) :
HOLO-UP TIME, POULTRY (OAYS) :
HOLO-UP TIME. OTHER ANIMAL(OAYS):

3
170. 230. 290.
7.10E+O1

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.OOE+03
1.40E+03
2.50E-01
1.00E-03

65.
75.

110.
111.
120.
290.
300.

30.
0.
0.
0.
0.

HOLO-UPTIME, ANIMALFEEO GiAINkLEGME (DAYS): o.
HOLO-UP TIME, ANIt4AL FEED HAY (DAYS): o.

UNITS : CROP CONCENTRATION: Bq/kg (wet weight)
ANIMAL FEEO COMPARTMENTS: Bq/m**2 (dry weight)
SOIL COMPARTMENTS : Bq/m**2
MILK : Bq-d/L
MEAT : Bq-dlkg

NUMBER OF NUCLIOES EVALUATEO 1

PARENT NUCLIOE NAME: MO-93 NUMBER OF PROGENY: 1
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SOIL ADSORPTIONRATE CONSTANT(d**-l ) 1. OOE-09
SOIL RESORPTIONRATE CONSTANT(d**-l ) 1. OOE-09
NUMBEROF HALF LIVES TO CUTOFF 10
CUTOFF TIME (years) 3.50E+04
---------------------- --------------------- ---

OATA FOR MEMBER # 1 MO-93 HALF LIFE (d) 1.277E+06 LEACH RATE (d**-l ) 2. 50E-04
CROP TYPE >>> GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+OI 7.00E+O1 7.03E+01 7.03E+01 7.03E+01 1.60E-03 2.00E-01
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PROOUCT >>> BEEF (d/kg) MILK (d/L) POUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03

q,;:;E;l ,%< ,-$~ 6~~$,~u <q,>----------------------- --------- --------------

OATA FOR MEMBER # 2 NE-93 HALF LIFE (d) 5.329E+03 LEACH RATE (d**-l ) 1.45E-05
.-.

CROP TYPE >>>
CONCENTRATEION RATIO
FOLIAR ABSORPTION

ANIMAL PROOUCT >>>
TRANSFER COEFFICIENT

.==== ========= RESULTS

GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE

1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02
BEEF (d/kg) MILK (d/L) POUL (d/kg) OTHER (d/kg)
2.22E-01 4.32E-01 8.91E-01 9.12E-01

FOR ACCIOENT YEAR NUMBER l==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 9.68E-06 2.03E-04 1.13E-05 1.13E-05 9.69E-06
SURFACE SOIL (Bq/m**2) 3.59E-04 3.59E-04 3.59E-04 3.59E-04 3.59E-04
LA81LE SOIL (Bq/m**2) 8.20E-01 8.39E-01 8.39E-01 8.39E-01 8.26E-01
FIXEO SOIL (Bq/m**2) 3.1OE-O7 3.16E-07 3.16E-07 3.16E-07 3.12E-07
Vegetation INT (Bq/kg) 2.09E-02 7.86E-02 6.31E-02 8.25E-02 9.05E-02
VEGETATION TOT (Bq/kg) 2.1OE-O2 7.88E-02 6.31E-02 8.25E-02 9.05E-02
CUMULAT TOT+ (6q-d/kg) 7.65E+O0 2.88E+01 2.30E+OI 3.OIE+O1 3.30E+01
---------------------

INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 1.47E+01 3.80E-01 6.34E+01 5.65E+O0 5.04E+01 --- ---
8EEF 1.12E-01 3.88E-03 4.56E-02 3.00E-01 1.51E-01 6.13E-01 6.13E-01
MILK (Bq-d/L) 2.81E-02 9.70E-04 1.14E-02 7.51E-02 3.78E-02 1.53E-01 1.53E-01
POULTRY 1.25E+O0 --- 5.65E-01 --- 4.49E-01 2.26E+O0 2.26E+O0
OTHER 1.34E-01 3.47E-03 0.00E+OO 4.90E-01 4.60E-01 1.09E+O0 1.09E+O0
---------------------

71. DAY INTEGRATE MILK CONCENTRATION FRON PASTURE (Bq-d/L): 0.00E+OO
RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 3.21E-07 6.74E-06 3.74E-07 3.74E-07 3.22E-07
SURFACE SOIL (Bq/m**2) 1.86E-05 1.87E-05 1.87E-05 1.87E-05 1.87E-05
LABILE SOIL (Bq/m**2) 4.56E-02 4.64E-02 4.64E-02 4.64E-02 4.58E-02
FIXEO SOIL (Bq/m**2) 1.67E-08 1.69E-08 1.69E-08 1.69E-08 1.67E-08
VEGETATION INT (Bq/kg) 4.89E-04 3.05E-03 3.33E-03 5.45E-03 6.99E-03
VEGETATION TOT (Bq/kg) 4.89E-04 3.06E-03 3.33E-03 5.45E-03 6.99E-03
CUMULAT TOT+ (Bq-d/kg) 3.53E-01 1.76E+O0 1.72E+O0 2.65E+o0 3.26E+O0
---------------------

INTEGRATEO ANIMAL PROOUCT ANO FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 4.42E-01 1.80E-02 5.29E+O0 1.75E-01
BEEF 1.25E-01 6.80E-03 1.41E-01 3.43E-01
MILK (Bq-d/L) 2.42E-01 1.32E-02 2.74E-01 6.68E-01
POULTRY 3.74E-02 --- 4.71E-02 ---
OTHER 4.03E-03 1.64E-04 0.00E+OO 1.51E-02
---------------------

71. OAY INTEGRATE MILK CONCENTRATION FROM PASTURE
============== RESULTS FoR ACCIoENT yEAR NUMBER 2==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

3.58E-01 --- ---
3.98E-02 6.55E-01 6.55E-01
7.74E-02 1.28E+O0 1.28E+O0
3.19E-03 8.77E-02 8.77E-02
3.27E-03 2.26E-02 2.26E-02

(Bq-d/L): !?.27E+01

VEGETATION SURF (Bq/kg) 7.96E-06 1.71E-04 9.50E-06 9.50E-06 8.05E-06
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SURFACE SOIL (Bq/m**2) 2.95E-04 3.03E-04 3.03E-04 3.03E-04 2.98E-04
LABILE SOIL (Bq/m**2) 6.75E-01 7.08E-01 7.07E-01 7.07E-01 6.86E-01
FIXED SOIL (Bq/m**2) 5.52E-07 5.70E-07 5.69E-07 5.69E-07 5.5BE-07
VEGETATION INT (Bq/kg) 1.72E-02 2.93E-02 1.64E-02 1.64E-02 1.62E-02
VEGETATION TOT (Bq/kg) 1.72E-02 2.95E-02 1.64E-02 1.64E-02 1.62E-02
CUMULAT TOT+ (Bq-d/kg) 1.39E+01 3 .95E+01 2 .90E+01 3.61E+01 3.89E+01

. ---------------------

INTEGRATED ANIMAL PRODUCT ANO FEED INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED 4.86E+01 9.42E-01 1.68E+02 6 .99E-02 6.65E-02 --- ---
BEEF 3 .70E-01 9.61E-03 1.21E-01 3.71E-03 2.00E-04 5.05E-01 1.12E+O0
MILK (Bq-cf/L) 9.26E-02 2.40E-03 3.03E-02 9.28E-04 4.99E-05 1.26E-01 2.80E-01
POULTRY 4.lIE+OO --- 1.50E+D0 --- 5.93E-04 5.61E+D0 7.B8E+O0
OTHER 4.43E-01 8.59E-03 0.00E+OO 6.06E-03 6.07E-04 4.58E-01 1.55E+O0
---------------------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 6.51E-07 1.39E-05 7.73E-07 7 .73E-07 6.56E-07
SURFACE SOIL (Bq/m**2) 2.94E-05 3.00E-05 3.00E-05 3.00E-05 2.96E-05
LABILE SOIL (Bq/m**2) 7.62E-02 7.85E-02 7.84E-02 7.84E-02 7.69E-02
FIXEO SOIL (Bq/m**2) 5.67E-08 5.80E-08 5.79E-08 5.79E-08 5.70E-08
VEGETATION INT (Bq/kg) 4.02E-04 7.15E-04 3.99E-04 3.99E-04 3.93E-04
VEGETATION TOT (Bq/kg) 4.03E-04 7.29E-04 3 .99E-04 3.99E-04 3.94E-04
CIJMULAT TOT+ (Bq-d/kg) 6.44E-01 2.27E+O0 2.OIE+OO 2.93E+O0 3.54E+O0
----------------------

INTEGRATEO ANIMAL PROOUCT AND FEEO INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 2.29E+O0 6.57E-02 1.68E+01 1.78E-03 5.04E-03 --- ---
BEEF 6.46E-01 2.48E-02 4.48E-01 3.49E-03 5.59E-04 1.12E+O0 1.78E+O0
MILK (Bq-d/L) 1.26E+O0 4.82E-02 8.72E-01 6.80E-03 1.09E-03 2.18E+O0 3.46E+O0
POULTRY 1.94E-01 --- 1.50E-01 --- 4.49E-05 3 .44E-01 4.31E-01
OTHER 2 .09E-02 5.99E-04 0.00E+OO 1.54E-04 4.59E-05 2.17E-02 4.43E-02
---------------------

============== RESULTS FOR ACC IDENT YEAR NUMBER 15==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 6.33E-07 1.85E-05 1.03E-06 1.03E-06 7.15E-07
SURFACE SOIL (Bq/m**2) 2.35E-05 3 .28E-05 3.28E-05 3 .28E-05 2.65E-05
LABILE SOIL (Bq/m**2) 5.36E-02 7.68E-02 7.65E-02 7.65E-02 6.09E-02
FIXEO SOIL (Bq/m**2) 1.59E-06 1.78E-06 1.78E-06 1.78E-06 1.65E-06
VEGETATION INT (Bq/kg) 1.37E-03 3.18E-03 1.77E-03 1.77E-03 1.44E-03
VEGETATION TOT (Bq/kg) 1.37E-03 3.20E-03 1.77E-03 1.77E-03 1.44E-03
CUMULAT TOT+ (Bq-d/kg) 4.09E+OI 9.llE+OI 5.75E+01 6.46E+OI 6.53E+01
---------------------

INTEGRATEO ANIMAL PRODUCT ANO FEEO INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 3 .86E+00 4.19E-04 4.03E+O0 1.94E-02 1.83E-03 --- ---
BEEF 2.94E-02 4.27E-06 2 .90E-03 1.03E-03 5.50E-06 3 .34E-02 2 .87E+O0
MILK (Bq-d/L) 7 .36E-03 1.07E-06 7 .26E-04 2.57E-04 1.38E-06 8.35E-03 7.18E-01
POULTRY 3.27E-01 --- 3.59E-02 --- 1.63E-05 3.63E-01 2.73E+01
OTHER 3.52E-02 3 .82E-06 0.00E+OO 1.68E-03 1.67E-05 3 .69E-02 3 .48E+O0
--------------- ------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.29E-06 3 .07E-05 1.71E-06 1.71E-06 1.35E-06
SURFACE SDIL (Bq/m;*2j
LABILE SOIL (Bq/m**2)
FIXEO SOIL (Bq/m**2)
VEGETATION INT (Bq/kg)
VEGETATION TOT (8q/kg)
CUMULAT TOT+ (Bq-d/kg)
------- --------------

4.72E-05 5.40E-05 5.40E-05 5.40E-05 4.96E-05
1.30E-01 1.48E-01 1.48E-01 1.48E-01 1.36E-01
1.OBE-06 1.19E-06 1.19E-06 1.19E-06 1.12E-06
3.24E-05 7.B3E-05 4.35E-05 4.35E-05 3.53E-05
3 .37E-05 1.09E-04 4.52E-05 4.52E-05 3.66E-05
1.89E+O0 4.84E+O0 3.36E+O0 4.28E+O0 4.79E+O0
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INTEGRATED ANINAL PRODUCT AND FEED INVENTORIES++ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANINAL FEEO 2.14E-01 3.61E-04 2.26E-01 3 .44E-04 6.30E-05 --- ---
BEEF 6.02E-02 1.36E-04 6.03E-03 6.76E-04 6.99E-06 6.70E-02 4.93E+O0
MILK (Bq-d/L) 1.17E-01 2.65E-04 1.17E-02 1.32E-03 1.36E-05 1.30E-01 9.58E+O0
POULTRY 1.81E-02 --- 2.02E-03 --- 5.61E-07 2.OIE-02 1.38E+O0
OTHER 1.95E-03 3.30E-06 0.00E+OO 2.98E-05 5.74E-07 1.98E-03 1.3BE-01
---------------------

+ Cumulative 365 day integrated concentrateton in food products fran the tims of the accident.
++ An ima1 feed inventories are corrected for hold-up time from tima of harvest to anims 1 consumption time.

Animal product concentrateions are corrected for decay of the parent nuc 1ide from production (slaughter)
to hunan consurnption.

EXECUTION TIME (seconds) 58
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COHIM.PAR inputfile for releeeeevent occurring in spring.

.
‘SAHPLE PROBLEM FOR SANDIA NAT L/W USING MO-93 AND NB-93 PROGENY SPRING ACCIDENT ‘ TITLE
0.10 1.00 0.10 0.10 0.10 TVC(I) .1=1.5
0.12 0.12 0.12 0.12 0.12 ZKGC(I), I=1,5.
0.015 0.039 0.039 0.039 0.039 BIC(I), I=1,5
0.73 0.628 0.628 0.628 0.73 BMAXC(I), I=I,5
0.73 0.628 0.628 0.628 0.73 BSTAND(I), I=1,5
0.15 0.27 0.15 0.15 0.15 FD(I), I=1,5
0.035 0.120 ZKGP ZSEN
0.07 0.30 BIP BMAXP
0.27 0.08 0.628 ZKGH BIH BNAXH
3 170. 230. 290. NcuT (TCUT(I). 1=1,NCUT)
8.85 1.7 1.27 0.5 1.2e-l RPB RHB RGB RSB RLB
8.85 1.7 1.27 0.5 1.2e-l RPM RHM RGNRSMRLM
0.095 0.01 0.01 RGPL RLPL RSPL
0.095 0.01 0.01 0.01 0.0 RPO RHHO RGO RSO RLO
1.98E-2 5.7E-2 1.73E-3 8.6E-4 ZKP, ZKU,ZKR, Zkrs
1000.0 1400. 0.25 0.001 0.39 PSS,PSR,XR, XS ALPHA
2.602.60 2.602.602.602.602.60 ALPHA(I), I=1,7
71. 65. 75. 110. 111. TINTM TT,TSC,TSP, TSL
120. 290. 300. 120. TSH TEC,TEL,TI
0.,0.,0.,0.,0.,0. THBEEF ,THMILK, THPOL ,THOTHER ,THGL ,THHAY
31215 NTIMES KYEAR

UMIM output file for releaseevent occurring in spring.

@(#)main. f 1.4 1/19/93 09:59 :oo\o
@(#)inputpar. f 1.8 10/25/93 10:24 :34\0
TIME: 11:51:03.54
DATE: 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANOIA NAT LAB USING MO-93 AND N8-93 PROGENY SPRING ACCIDENT

● ******************* COMIOA ● *********************

* A dynamic food chain model for use in the NACCS *
* reactor consequence code. *
● Arthur S. Rood and Michael L. Abbott ●

● Idaho National Engineering Laboratory ●

* EG&G Idaho PO Box 1625 Idaho Falls *
* IO 83401. *
* Version Control Copy *
* Version 1.01 October 25, 1993 *
***** *********************************************

.==------ --.---================== ................... ......................

ACKNOWLEOGEMENT OF GOVERNMENT SPONSORSHIP ANO
LIMITATION OF LIA81LITY

.
This material resulted frcm work developed under U.S. Department of
Energy, Office of Energy Research, DOE Field Office Idaho

Contract Number OE-AC07-761D01570.
Neither the United States nor the United States Department of Energy
nor any of their employees, makes any warranty expressed or implied. or
assunes any legal liability or responsibility for the accuracy
completeness, or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and 00EINT are Copyright (C) Numerical
Recipes Software. Reproduced by permission frcm the book, Numerical
Recipes, Cambridge University Press.

------ =============.==.=-=.=.==.=..===.==..=..==.=.=...==.. =....=.... ...--------
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PARAHETER VALUES FOR COMIDA
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

INTERCEPTION FRAC (m**2/kg): 2.60E+O0 2.60E+O0 2.60E+O0 2.60E+O0 2.60E+O0
FRACTION TO EOIBLE PORTION OF CROP: 1.00E-01 1.00E+OO 1.00E-01 1.00E-01 1.00E-01
GROWTH RATE CONSTANT (d-1 ) : 1.20E-01 1.20E-01 1.20E-01 1.20E-01 1.20E-01
INITIAL CROP BIOMASS (kg(dry)/m**2): 1.50E-02 3.90E-02 3 .90E-02 3.90E-02 3 .90E-02
MAXIMUM CROP BIOMASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.28E-01 6.28E-01 7 .30E-01
STANOING CROP BIOMASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.28E-01 6.28E-01 7.30E-01
ORY WEIGHT TO WET WEIGHT RATIO: 1.50E-01 2.70E-01 1.50E-01 1.50E-01 1.50E-01

------ ANINAL FEEO PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

GROWTH RATE CONSTANT (d**-l ): --- --- 2.70E-01

INITIAL CROP 810MAsS (kg(dry)/m**2): --- --- 8.00E-02
MAXIMUM CROP BIOMASS (kg(dry)/m**2): ‘-- ‘-- 6.28E-01
FOLIAR INTERCEPTION FRAC (m**2/kg): --- ‘-- 2. 60E+O0

SENESCENCE RATE CONSTANT (d-1 ) : --- --- ---

ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+oo 1.2oE-01 1.7oE+oo
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02 1.00E-02 ---
ANNUAL AVG OTHER ANIMAL CONSUMp (kg/d): 1.OoE-02 o.ooE+oo 1.ooE-02
* ingestion rate only while animal is on pasture

----- OTHER FEEO PARAMETERS -----
NUMBER OF HAY CUTTINGS: 3
HAy CUTTING TIMES (JULIAN OAY): 170. 230. 290.
SHORT TERM PASTURE INT. TIME FOR MILK (d): 7.1OE+O1

------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-l ) :
WEATHERING RATE CONSTANT (d**-l ):
RESUSPENSION RATE CONSTANT (d**-l) :
RAINSPLASH RATE CONSTANT (d**- 1):
SURFACE SOIL OENSITY (kg/m**3):
ROOT SOIL OENS ITY (kg/m**3 ):
OEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.OOE+03
1.40E+03
2.50E-01
1.00E-03

------ TIME PARAMETERS ------
TIME OF TILLA6E (JuLIAN OAy): 65.
START OF CROP GROWING SEASON (JULIAN OAY): 75.
START OF PASTURE GROWING SEASON (JULIAN OAY): 110.
sTART oF GRAZING SEASON (JULIAN OAY): 111.
START OF HAY GROWING SEASON (JULIAN OAY) : 120.
ENO OF CROP GROWING SEASON (JULIAN OAY ): 290.
ENO OF GRAZING SEASON (JULIAN DAY): 300.
TIME OF FALLOUT EVENT (JULIAN OAY) : 120.
HOLO-UP TIME, BEEF (OAYS) : 0.
HOLO-UP TIME, MILK (OAYS) : 0.
HOLO-UP TIME, POULTRY (OAYS ): 0.
HOLO-UP TIME, OTHER ANIMAL (OAYS) : 0.
HOLO-UP TIME, ANIMAL FEEO GRAIN&LEGUME (OAYS) : 0.
HOLD-UP TIME, ANIMAL FEEO HAY (OAYS) : 0.

UNITS:

NUMBER

PARENT

CROP CONCENTRATION : Bq/kg (wet weight)
ANINAL FEEO COMPARTMENTS: Bq/m**2 (dry weight)
SOIL COMPARTMENTS : Bq/m**2
MILK: Bq-d/L
MEAT : Bq-dlkg
OF NUCLIDES EVALUATEO 1

NUCLIDE NAME: MO-93 NUMBER OF PROGENY: 1

3.50E-02 ---
7.00E-02 ---
3 .00E-01 ---
2. 60E+O0 ---

1.20E-01 ---
8. 85E+O0 5. OOE-01
8 .85E+O0 5.00E-01
--- 1.00E-02

9.50E-02 1.00E-02
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SOIL ABSORPTION RATE CONSTANT (d**-l ) 1. 00E-09
SOIL RESORPTION RATE CONSTANT (d**-l ) 1.00E-09

, NUMBER OF HALF LIVES TO CUTOFF 10
CUTOFF TIME (years ) 3.50E+04
--------------------- ------------------------ -

OATA FOR MEMBER # 1 MO-93 HALF LIFE (d) 1.277E+06 LEACH RATE (d**-l ) 2. 50E-04
CROP TYPE >>> GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE

CONCENTRATION RATIO 7.OOE+O1 7.OOE+O17. 03E+01 7. 03E+01 7. 03E+01 1. 60E-03 2. 00E-01
FOL IAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-04 1.00E-09

ANIMAL PROOUCT >>> BEEF (d/kg) MILK (d/L) POUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 8.91E-01 9.12E-01

------------------------- ---------------------
OATA FOR MEMBER # 2 NB-93 HALF LIFE (d) 5.329E+03 LEACH RATE (d**-l ) 1. 45E-05

CROP TYPE >>> GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE
CONCENTRATION RATIO 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.60E-03 2.00E-03
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-02 2.30E-02

ANIMALPROOUCT >>> BEEF (d/kg) MILK (d/L) POUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 2.22E-01 4.32E-01 8.91E-01 9.12E-01

.

============== RESULTS FOR ACC 10ENT YEAR NUMBER 1==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 7.47E-05 1.56E-03 8.66E-05 8.66E-05 7.57E-05
SURFACE SOIL (Bq/m**2) 2.75E-03 2 .74E-03 2.74E-03 2.74E-03 2.78E-03
LABILE SOIL (Bq/m**2) 9.30E-01 9.32E-01 9.32E-01 9.32E-01 9.32E-01
FIXED SOIL (Bq/m**2) 2.45E-07 2.45E-07 2.45E-07 2.45E-07 2.44E-07
VEGETATION INT (Bq/kg) 3.83E-04 2.34E-04 1.31E-04 1.31E-04 1.43E-04
VEGETATION TOT (Bq/kg) 4.57E-04 1.79E-03 2.17E-04 2.17E-04 2.18E-04
CUMULAT TOT+ (Bq-d/kg) 1.67E-01 6.54E-01 7.92E-02 7.92E-02 7.97E-02
---------- -----------

INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES+ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED 1.47E+O0 4.33E+O0 1.17E+O0 4.07E+01 5.04E+01 --- ---
BEEF 1.12E-02 4.41E-02 8.42E-04 2.16E+O0 1.51E-01 2.37E+O0 2.37E+O0
MILK (Bq-d/L) 2.80E-03 1.1OE-O2 2.1OE-O4 5.40E-01 3.78E-02 5.92E-01 5.92E-01
POULTRY 1.24E-01 --- 1.04E-02 --- 4.49E-01 5.84E-01 5.84E-01
OTHER 1.34E-02 3.94E-02 0.00E+OO 3.52E+O0 4.60E-01 4.04E+o0 4.04E+O0
---------------------

71. OAY INTEGRATE MILK CONCENTRATION FROM PASTURE (8q-d/L) : 5.25E-01
RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.63E-06 3 .41E-05 1.89E-06 1.89E-06 1.65E-06
SIJRFACE SoIL (Bq/m**2) 1.12E-04 1. 12E-04 1. 12E-04 1. 12E-04 1. 14E-04

LABILE SOIL (Bq/m**2 ) 3 .93E-02 3 .93E-02 3.93E-02 3.93E-02 3.93E-02
FIXEO SOIL (Bq/m**2) 1.OIE-08 1.OIE-08 1.OIE-08 1.OIE-08 1.OIE-08
VEGETATION INT (Bq/kg) 7.43E-06 4.56E-06 2.54E-06 2.54E-06 2.77E-06
VEGETATION TOT (Bq/kg) 9.06E-06 3.87E-05 4.44E-06 4.44E-06 4.43E-06
CUMULAT TOT+ (Bq-d/kg) 7.13E-03 2.91E-02 3.43E-03 3.43E-03 3.44E-03
---------------------

INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 4.90E-02 1.57E-01 3.95E-02 2.72E-01 3.64E-01 --- ---
BEEF 1.38E-02 5.94E-02 1.05E-03 5.34E-01 4.04E-02 6.48E-01 6.48E-01
MILK (Bq-d/L) 2.69E-02 1.16E-01 2.05E-03 1.04E+O0 7 .87E-02 1.26E+o0 1.26E+O0
POULTRY 4.14E-03 --- 3.52E-04 --- 3 .2SE-03 7.74E-03 7 .74E-03
OTHER 4.47E-04 1.44E-03 0.00E+OO 2.35E-02 3 .32E-03 2.67E-02 2.87E-02
---------------------

71. OAY INTEGRATED MILK CONCENTRATION FROM PASTURE (Bq-d/L) : 4.25E+01
============== RESULTS FOR ACCIoENT YEAR NUMBER 2==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 9.07E-06 1.90E-04 1.06E-05 1.06E-05 9.09E-06
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SURFACE SOIL (Bq/m**2) 3.36E-04 3.37E-04 3.37E-04 3.37E-04 3.37E-04
LABILE SOIL (Bq/m**2 ) 7.68E-01 7 .87E-01 7 .87E-01 7.87E-01 7.75E-01
FIXED SOIL (Bq/m**2) 5.21E-07 5.27E-07 5.27E-07 5.27E-07 5.22E-07
VEGETATION INT (Bq/kg) 1.96E-02 3 .27E-02 1.82E-02 1.82E-02 1.83E-02
VEGETATION TOT (Bq/kg) 1.96E-02 3.28E-02 1.82E-02 1.82E-02 1.83E-02
CUMULAT TOT+ (Bq-d/kg) 7.33E+O0 1.26E+01 6.73E+O0 6.73E+O0 6.77E+O0
---------------------

INTEGRATEO ANIMAL PROOUCT ANO FEED INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED 2.69E+01 3 .77E+O0 2.50E+01 8.95E-02 6.77E-02 --- ---
BEEF 2.05E-01 3.85E-02 1.80E-02 4.75E-03 2.03E-04 2 .66E-01 2 .63E+O0
MILK (Bq-d/L) 5.13E-02 9.62E-03 4.49E-03 1.19E-03 5.08E-05 6.66E-02 6.59E-01
POULTRY 2.28E+O0 --- 2.22E-01 --- 6.03E-04 2.50E+O0 3.08E+O0
OTHER 2.45E-01 3 ,44E-02 0.00E+OO 7.75E-03 6.18E-04 2.88E-01 4.33E+O0
---------------------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 6.22E-07 1.31E-05 7.26E-07 7.26E-07 6.25E-07
SURFACE SOIL (Bq/m**2) 2.91E-05 2.92E-05 2.92E-05 2.92E-05 2.92E-05
LABILE SOIL (Bq/m**2) 7.49E-02 7.58E-02 7.57E-02 7,57E-02 7.52E-02
FIXEO SOIL (Bq/m**2 ) 4.69E-08 4.73E-08 4.72E-08 4.72E-08 4.70E-08
VEGETATION INT (Bq/kg) 4.58E-04 7.96E-04 4.44E-04 4.44E-04 4.44E-04
VEGETATION TOT (Bq/kg) 4.58E-04 8.09E-04 4.44E-04 4.44E-04 4.45E-04
CUMULAT TOT+ (Bq-d/kg) 3 .38E-01 5.97E-01 3.17E-01 3.17E-01 3.18E-01
------------------- --

INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES+ (Bq-d/kg )
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED 9.90E-01 2.23E-01 9.37E-01 4.35E-03 4.00E-03 --- ---
BEEF 2.79E-01 8.41E-02 2.50E-02 8.54E-03 4.44E-04 3.97E-01 1.05E+O0
MILK (Bq-d/L) 5.43E-01 1.64E-01 4 .86E-02 1.66E-02 8.63E-04 7.73E-01 2.03E+O0
POULTRY 8.38E-02 --- 8.35E-03 --- 3.S6E-05 9.21E-02 9.99E-02
OTHER 9.02E-03 2.03E-03 0.00E+OO 3.77E-04 3.65E-05 1.15E-02 4.02E-02
---------------------
============== RESULTS FoR ACC IoENT YEAR NUMBER 1S=========--=======

RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 7.21E-07 2.06E-05 1.14E-06 1.14E-06 8.07E-07
SURFACE SOIL (Bq/m**2) 2.67E-05 3 .66E-05 3.65E-05 3.65E-05 2 .99E-05
LABILE SOIL (Bq/m**2) 6.1OE-O2 8.54E-02 8.52E-02 8.52E-02 6.88E-02
FIXED SOIL (Bq/m**2) 1.70E-06 1.87E-06 1.87E-06 1.87E-06 1.76E-06
VEGETATION INT (Bq/kg) 1.56E-03 3.54E-03 1.97E-03 1.97E-03 1.63E-03
Vegetation ToT (Bq/kg) 1.56E-03 3.56E-03 1.97E-03 1.97E-03 ~.63E-03

CUMULAT TOT+ (Bq-d/kg) 3.80E+OI 7.OOE+O1 3.85E+01 3.85E+OI 3.65E+01
---------------------

INTEGRATEO ANINAL PROOUCT ANO FEEO INVENTORIES- (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 4.20E+O0 4.04E-04 4.36E+O0 1.98E-02 1.85E-03 --- ---
BEEF 3 .20E-02 4.12E-06 3.14E-03 1.05E-03 5.54E-06 3.62E-02 4.54E+O0
MILK (Bq-d/L) 7.99E-03 1.03E-06 7.84E-04 2.63E-04 1.39E-06 9.04E-03 1.13E+O0
POULTRY 3.55E-01 --- 3.88E-02 --- 1.65E-05 3 .94E-01 2.42E+01
OTHER 3 .83E-02 3.68E-06 0.00E+OO 1.72E-03 1.68E-05 4.00E-02 6.43E+O0
---------------------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.40E-06 3 .30E-05 1.83E-06 1.83E-06 1.47E-06
SURFACE SOIL (Bq/m**2) 5.15E-05 5.80E-05 5.79E-05 5.79E-05 5.39E-05
LABILE SOIL (Bq/m**2) 1.42E-01 1.59E-01 1.59E-01 1.59E-01 1.48E-01
FIXEO SOIL (Bq/m**2) 1.15E-06 1.24E-06 1.23E-06 1.23E-06 1.18E-06
VEGETATION INT (Bq/kg) 3 .69E-05 8.72E-05 4.84E-05 4.84E-05 3 .99E-05
VEGETATION TOT (Bq/kg) 3.83E-05 1.20E-04 5.03E-05 5.03E-05 4.13E-05
CUMULAT TOT+ (Bq-d/kg) 1.76E+O0 3.45E+O0 1.83E+O0 1.83E+O0 1.73E+O0
-------- -------------
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INTEGRATED ANINAL PRODUCT AND FEED INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CU14ULATIVE

●

ANINAL FEEO 2.33E-01 3.48E-04 2.45E-01 3.48E-04 6.31E-05 --- ---
BEEF 6.56E-02 1.31E-04 6.54E-03 6.84E-04 7.00E-06 7.30E-02 4.48E+O0

●
MILK (Bq-d/L) 1.28E-01 2.56E-04 1.27E-02 1.33E-03 1.36E-05 1.42E-01 8.71E+O0
POULTRY 1.97E-02 --- 2.19E-03 --- 5.62E-07 2.19E-02 1.14E+O0
OTHER 2.12E-03 3.18E-06 0.00E+OO 3.OIE-05 5.75E-07 2.16E-03 1.42E-01
---------------------
+ CumU lative 365 day integrated concentrateion in food products fran the time of the accident.
++ Anima 1 feed inventories are corrected for hold-up time from timeof harvest to animal consumption tima.

An irnalproduct concentrateions are corrected for decay of the parent nuc 1ide freinproduction (slaughter)
to human consumption.

EXECUTION TIME (seconds) 61

.,

.
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CWIM.P#Jt input file for releeee event occurring in smr.

‘SAMPLE PROBLEM FOR SANOIA NAT LAB USING MO-93 ANO NE-93 PROGENY SUMMER ACCIDENT ‘ TITLE
0.10 1.00 0.10 0.10 0.10 TVC(I), I=1,5
0.12 0.12 0.12 0.12 0.12 ZKGC(I), I=1,5
0.015 0.039 0.039 0.039 0.039 BIC(I), I=1,5
0.73 0.628 0.628 0.628 0.73 8NAXC(I), I=1,5
0.73 0.628 0.628 0.628 0.73 BSTAND(I), I=I,5
0.15 0.27 0.15 0.15 0.15 FO(I), I=1,5
0.0350.120 ZKGP ZSEN
0.07 0.30 BIP 8MAXP
0.27 0.08 0.628 ZKGH BIH BNAXH
3 170. 230. 290. NCUT (TCUT(I), 1=1,NCUT)
8.85 1.7 1.27 0.5 1.2e-l RP8 RHB RGB RSB RLB
8.85 1.7 1.27 0.5 1.2e-l RPM RHM RGM RSM RLhi
0.095 0.01 0.01 RGPL RLPL RSPL
0,095 0.01 0.01 0.01 0.0 RPO RHHO RGO RSO RLO
1.98E-2 5.7E-2 1.73E-3 8.6E-4 ZKP.ZKiJ,ZKR,Zkrs
1000.0 1400. 0.25 0.001 0.39 PSS,PSR,XR,XS ALPHA
2.60 2.60 2.60 2.60 2.60 2.602.60 ALPHA(I), I=1,7
71. 65. 75. 110. 111. TINTM TT,TSC, TSP,TSL
120. 290. 300. 210. TSH TEC,TEL,TI
0.,0.,0.,0.,0.,0. TH8EEF ,THMILK ,THPOL ,THOTHER ,THGL ,THHAY
31215 NTIMES KYEAR

UMIM output file for releeseevent occurring in smr.

@(#)main. f 1.4 1/19/93 09:59 :oo\o
@(#) inputpar. f 1.8 10/25/93 10:24 :34\0
TIME: 11:52:09.17
OATE : 10/25/93
TITLE:
SAMPLE PROBLEM FOR SANOIA NAT LAB USING MO-93 ANO NB-93 PROGENY SUMMER ACCIOENT

******************* CoMI oA ● *********************

● A dynamic food chain model for use in the NACCS ●

● reactor consequence code. ●

● Arthur S. Rood and Michael L. Abbott ●

● Idaho Nat iona1 Engineering Laboratory ●

* EGffi Idaho PO 80X 1625 Idaho Fal 1s ●

● IO 83401. *
* Version Contro 1 Copy *
● Version 1.01 October 25, 1993 ●

***** **********************************************

. . ..=. ==.. ===.6===== ..=. ====... =.. ==.. -.. ==.. ===. =.x==..=..=..==.===....===
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disclosed, or represents that its use would not infringe on privately owned
rights. Subroutines RK4, RKQC and OOEINT are Copyright (C) Numerical
Recipes Software. Reproduced by permi ssion from the book, Numer ica1
Recipes, Cambridge University Press.
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PARAMETER VALUES FOR CO1410A
------ CROP VALUES ------ LEAFY ROOT

GRAINS VEGETABLES CROPS FRUITS LEGUMES

INTERCEPTION FRAC (m**2/kg): 2.60E+O0 2.60E+O0 2.60E+O0 2.60E+O0 2.60E+O0
FRACTION TO EOIBLE PORTION OF CROP: 1.00E-01 1.00E+OO 1.00E-01 1.00E-01 1.00E-01
GROWTH RATE CONSTANT (d-1 ) : 1.20E-01 1.20E-01 1.20E-01 1.20E-01 1. 20E-01
INITIAL CROP 610MASS (kg(dry)/m**2): 1.50E-02 3 .90E-02 3.90E-02 3.90E-02 3 .90E-02
MAXIMUMCROP 610HASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.26E-01 6.28E-01 7.30E-01
STANOING CROP BIONASS (kg(dry)/m**2): 7.30E-01 6.28E-01 6.28E-01 6.28E-01 7.30E-01
ORY WEIGHT TO WETWEIGHTRATIO: 1.50E-01 2.70E-01 1.50E-01 1.50E-01 1.50E-01

------ ANIMAL FEEO PARAMETERS ------ GRAINS LEGUMES HAY PASTURE* SOIL

GROWTH RATE CONSTANT (d**-l ): --- --- 2.70E-01 3.50E-02 ---
INITIAL CROP BIONASS (kg(dry)/m**2): ‘-- ‘-- 8.00E-02 7.00E-02 ---
MAKIMUt4 CROP BIOMASS (kg(dry)/m**2): ‘-- ‘-- 6.28E-01 3.00E-01 ---
FOLIAR INTERCEPTION FRAC (m**2/kg): ‘-- ‘--
SENESCENCE RATE CONSTANT (d-1) :

2. 60E+O0 2. 60E+OII ---
--- --- --- 1.20E-01 ---

ANNUAL AVG BEEF COW CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0 8.85E+O0 5.00E-01
ANNUAL AVG MILK COW CONSUMPTION (kg/d): 1.27E+O0 1.20E-01 1.70E+O0 8.85E+O0 5.00E-01
ANNUAL AVG POULTRY CONSUMPTION (kg/d): 9.50E-02 1.00E-02 --- --- 1. 00E-02
ANNUAL AVG OTHER ANIMAL CONSUMP (kg/d): 1.00E-02 0.00E+OO 1. 00E-02 9. 50E-02 1. 00E-02
* ingestion rate only whi le animal is on pasture

----- OTHER FEED PARAMETERS -----
NUMBER OF HAY CUTTINGS: 3
HAY CUTTING TIMES (JULIAN OAy): 170. 230. 290.
SHORT TERM PASTURE INT. TIME FOR MILK (d): 7.1OE+O1

------ SOIL PARAMETERS ------
PERCOLATION RATE CONSTANT (d**-l ):
WEATHERING RATE CONSTANT (d**- 1):
RESUSPENSION RATE CONSTANT (d**-l) :
RAINSPLASH RATE CONSTANT (d**-l) :
SURFACE SOIL OENSITY (kg/m** 3):
ROOT SOIL OENSITY (kg/m**3):
DEPTH OF ROOTING ZONE (m):
SURFACE SOIL COMPARTMENT THICKNESS (m):

1.98E-02
5.70E-02
1.73E-03
8.60E-04
1.OOE+03
1.40E+03
2.50E-01
1.00E-03

------ TIME PARAMETERS ------
TIME OF TILLAGE (JULIAN OAy): 65.
START OF CROp GROUING SEASON (JULIAN OAY): 75.
START OF pAsTuRE ciROWING SEASON (JuL IAN OAy): 110.
START OF GRAZING SEASON (JuLIAN OAY) : 111.
START OF HAY GROWING SEASON {JULIAN OAY) : 120.
ENO OF CROP GROWING SEASON (JULIAN OAY) : 290.
ENO OF GRAZING SEASON (JULIAN OAY) : 300.
TIME OF FALLOUT EVENT (JULIAN OAy): 210.
HOLO-UP TIME, BEEF (OAYS) : 0.
HOLO-UP TIME, MILK (OAYS) : 0.
HOLD-UP TIME, POULTRY (OAYS) : 0.
HOLO-UP TIME, OTHER ANIMAL (DAYS): o.
HOLO-UP TIME, ANIMAL FEED GRAIN&LEGUME (OAYS) : 0.
HOLO-UP TIME, ANIMAL FEEO HAY (OAYS) : 0.

UNITS : CROP CONCENTRATION: Bq/kg (wet weight)
AN INAL FEEO COMPARTMENTS: Bq/m**2 (dry weight)
SOIL COMPARTMENTS : Oq/m**2
MILK: Bq-d/L
MEAT : Bq-d/kg

NUMBER OF NUCLIOES EVALUATEO 1

PARENT NUCLIOE NAME: MO-93 NUMBER OF PROGENY: 1
SOIL ABSORPTION RATE CONSTANT (d**-l ) 1. OOE-09
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SOIL RESORPTIONRATE CONSTANT (@*-l ) 1.00E-09
NUMBER OF HALF LIVES TO CUTOFF 10
CUTOFF TINE (years) 3.50E+04
----------------------------------------------
DATA FOR t4E14BER# 1 HO-93 HALF LIFE (d) 1.Z77E+06 LEACH RATE (d**-l) Z.50E-04

CROP TYPE >>> GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE

CONCENTRATION RATIO 7.00E+O1 7. 00E+O1 7.03E+01 7.03E+01 7.03E+01 1.60E-03 2.00E-01
FOLIAR ABSORPTION 5.50E-095.50E-095.50E-095.50E-095.50E-091.00E-041.OOE-09

ANIMAL PROOUCT >>> BEEF (d/kg)HILK (d/L) POUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 6.00E-03 1.50E-03 8.91E-01 9.lZE-01

--------------------- ----------------------- --
OATA FOR MEMBER # Z NE-93 HALF LIFE (d) 5.329E+03 LEACH RATE (d**-l ) 1.45E-05

CROP TYPE >>> GRAINS LEAF VEG ROOT FRUITS LEGUMES HAY PASTURE
CONCENTRATION RATIO 1.00E-02 1.00E-OZ 1.00E-OZ 1.00E-OZ 1.00E-02 1.60E-03 2.00E-03
FOLIAR ABSORPTION 5.50E-09 5.50E-09 5.50E-09 5.50E-09 5.50E-09 1.00E-OZ Z.30E-02

ANIHAL PROOUCT >>> BEEF (d/kg) fI;;E(cl;L) POUL (d/kg) OTHER (d/kg)
TRANSFER COEFFICIENT 2.22E-01 . - 8.91E-01 9.lZE-01

=...= . ..===x.= RESIJLTSFOR ACCIOENT yE~ NIJMSER 1===..=======..====

RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 5.23E-04 1.07E-02 5.93E-04 5.93E-04 5.23E-04
SURFACE SOIL (Bq/m**2) 1.45E-OZ 1.43E-OZ 1.43E-02 1.43E-02 1.45E-OZ
LABILE SOIL (Bq/m**Z) 9.ZOE-01 9.ZIE-01 9.ZIE-01 9.ZIE-01 9.ZOE-01
FIXEO SOIL (Bq/m**Z) 1.58E-07 1.59E-07 1.59E-07 1.59E-07 1.58E-07
VEGETATION INT (Bq/kg) 2.59E-08 4.09E-08 2.27E-08 2.Z7E-08 Z.1OE-O8
VEGETATION TOT (Bq/kg) 5.Z3E-04 1.07E-OZ 5.93E-04 5.93E-04 5.Z3E-04
CUMULAT TOT+ (Bq-d/kg) 1.91E-01 3.89E+O0 2.16E-01 2.16E-01 1.91E-01
---------------------

INTEGRATEO ANINA~~OUCT ANO FEEO INVENTORIES* (Bq-d/kg)
HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 9.94E+O0 4.27E+01 9.94E+O0 3.69E+OI 5.04E+01 --- ---
BEEF 7.57E-02 4.36E-01 7.16E-03 1.96E+O0 1.51E-01 2.63E+O0 2.63E+O0
MILK (Bq-d/L) 1.89E-02 1.09E-01 1.79E-03 4.89E-01 3.78E-OZ 6.57E-01 6.57E-01
POULTRY 8.41E-01 --- 8.85E-02 --- 4.49E-01 1.38E+O0 1.38E+O0
OTHER 9.06E-02 3.90E-01 0.00E+OO 3.19E+O0 4.60E-01 4,13E+O0 4.13E+O0
---------------------

71. OAY INTEGRATE MILK CONCENTRATION FROM PASTURE (Bq-d/L): 4.95E-01
RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 5.41E-06 1.1OE-O4 6.14E-06 6.14E-06 5.41E-06
SURFACE SOIL (Bq/m**Z) 4.Z6E-04 4.20E-04 4.ZOE-04 4.ZOE-04 4.26E-04
LABILE SOIL (Bq/m**2) 2.78E-02 Z.78E-02 2.78E-02 2.78E-02 Z.78E-OZ
FIXEO SOIL (Bq/m**Z) 4.70E-09 4.73E-09 4.73E-09 4.73E-09 4.70E-09
VEGETATION INT (Bq/kg) Z.49E-10 4.12E-10 Z.29E-10 2.Z9E-10 2.11E-10
VEGETATION TOT (Bq/kg) 5.42E-06 I.1OE-O4 6.14E-06 6.14E-06 5.4ZE-06
CUMULAT TOT+ (Bq-d/kg) 6.39E-03 1.30E-01 7.24E-03 7.Z4E-03 6.39E-03
---------------------

INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES+ (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 2.83E-01 1.23E+O0 Z.83E-01 1.71E-01 3.98E-01 --- ---
BEEF 7.98E-OZ 4.62E-01 7.54E-03 3.35E-01 4.42E-OZ 9.29E-01 9.Z9E-01
MILK (Bq-d/L) 1.55E-01 9.00E-01 1.47E-02 6.52E-01 8.60E-OZ 1.BIE+OO 1.81E+O0
POULTRY Z.40E-02 --- 2.52E-03 --- 3.55E-03 3.00E-OZ 3.00E-02
OTHER Z.58E-03 1.lZE-OZ 0.00E+OO 1.48E-OZ 3.63E-03 3.ZZE-OZ 3.22E-02
---------------------

71. OAY INTEGRATE MILK CONCENTRATION FROM PASTURE (Bq-d/L): 6.20E+01
============== RESULTS FOR ACCIOENT YEAR NUMBER 2==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 9.08E-06 1.90E-04 1.06E-05 1.06E-05 9.1OE-O6
SURFACE SOIL (Bq/m**Z) 3.37E-04 3.37E-04 3.37E-04 3.37E-04 3.37E-04
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LABILE SOIL (Bq/m**2) 7.69E-017.88E-017.88E-017.88E-017.76E-01
FIXED SOIL (Bq/m**2) 4.35E-07 4.41E-07 4.41E-07 4.41E-07 4.36E-07

. VEGETATION INT (Bq/kg) 1.97E-02 3.27E-02 1.82E-02 1.82E-02 1.83E-02
VEGETATION TOT (Bq/kg) 1.97E-02 3.29E-02 1.82E-02 1.82E-02 1.83E-02
CUMULAT TOT+ (Bq-d/kg) 7.37E+O0 1.59E+01 6.87E+O0 6.87E+O0 6.88E+O0
---------------------

.
INTEGRATE ANIMAL PROOUCT AND FEED INVENTORIES++(8q-d/kg)

GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 4.03E+01 1.20E+01 3.78E+01 7.74E-02 7.60E-C12 --- ---
BEEF 3.07E-01 1.23E-012.72E-024.llE-03 2.28E-044.61E-013.09E+O0
MILK (Bq-d/L) 7.6BE-023.06E-026.80E-03 1.03E-035.70E-05 1.15E-01 7.72E-01
POULTRY 3.41E+O0 --- 3.37E-01 --- 6.77E-043.75E+O05.13E+O0
OTHER 3.68E-01 1.1OE-O1 O.00E+OO 6.70E-03 6.93E-04 4.85E-01 4,62E+O0
---------------------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATIONSURF (Bq/kg) 5.17E-07 1.09E-05 6.03E-07 6.03E-07 5.18E-07
SURFACE SOIL (Bq/m**2) 2.53E-05 2.54E-05 2.54E-05 2.54E-05 2.54E-05
LABILE SOIL (Bq/m**2) 6.44E-02 6.52E-02 6.51E-02 6.51E-02 6.46E-02
FIXEO SOIL (Bq/m**2) 3.42E-08 3.45E-08 3.45E-08 3.45E-08 3.42E-08
Vegetation INT (Bq/kg) 4.59E-04 7.96E-04 4.44E-04 4.44E-04 4.44E-04
VEGETATION TOT (Bq/kg) 4.59E-04 8.07E-04 4.45E-04 4.45E-04 4.45E-04
CUMULAT TOT+ (Bq-d/kg) 3.38E-01 6.98E-01 3 .21E-01 3.21E-01 3.21E-01
---------------------

INTEGRATEO ANIMAL PRODUCT AND FEEO INVENTORIES* (Bq-d/kg)
GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEEO 1.69E+O06.20E-011.62E+O06.59E-034.37E-(13 --- ---
BEEF 4.78E-012.34E-014.32E-02 1.30E-024.85E-04 7.68E-011.70E+O0
MILK (Bq-d/L) 9.30E-014.55E-018.41E-02 2.52E-029.44E-04 1.50E+O03.30E+O0
POULTRY 1.43E-01 --- 1.45E-02 --- 3.89E-05 1.58E-01 1.88E-01
OTHER 1.55E-025.65E-030.00E+OO5.71E-04 3.98E-052.17E-02 5.39E-02
---------------------
==============RESULTS FOR ACCIDENT YEAR NUMBER 15==================
RESULTS FOR MEMBER # 1 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATIONSURF (Bq/kg)7.22E-072.07E-05 1.14E-06 1.14E-06 8.08E-07
SURFACE SOIL (Bq/m**2) 2.68E-05 3 .66E-05 3 .65E-05 3 .65E-05 2 .99E-05
LABILE SOIL (Bq/m**2) 6.12E-02 8.55E-02 8.52E-02 8.52E-02 6.89E-02
FIXEO SOIL (Bq/m**2) 1.62E-06 1.79E-06 1.79E-06 1.79E-06 1.67E-06
VEGETATION INT (Bq/kg) 1.56E-03 3.55E-03 1.97E-03 1.97E-03 1.63E-03
VEGETATION TOT (Bq/kg) 1.56E-03 3.57E-031.97E-031.97E-03 1.63E-03
CUMULAT TOT+ (Bq-d/kg) 3.81E+01 7.33E+013.87E+013.87E+013.67E+01
---------------------
1NTEGRATEDANIMAL PRODUCTANO FEEO INVENTORIES++(Bq-d/kg)

GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIMAL FEED 4.00E+OO 3.03E-04 4.16E+O0 1.95E-021.89E-03 --- ---
BEEF 3.05E-023.09E-062.99E-03 1.04E-035.66E-06 3.45E-024.91E+O0
MILK (Bq-d/L) 7.62E-03 7.72E-07 7.48E-04 2.59E-04 1.41E-06 8.63E-03 1.23E+O0
POULTRY 3.39E-01 --- 3.70E-02 --- 1.68E-05 3.76E-01 2.52E+01
OTHER 3 .65E-02 2.76E-06 O.00E+OO 1.69E-03 1.72E-05 3.82E-02 6.62E+O0
---------------------

RESULTS FOR MEMBER # 2 GRAINS LEAF VEG ROOT FRUITS LEGUMES

VEGETATION SURF (Bq/kg) 1.35E-06 3.19E-05 1.77E-06 1.77E-06 1.41E-06
SURFACE SOIL (Bq/m**2) 4.97E-05 5.61E-05 5.60E-05 5.60E-05 5.19E-05
LABILE SOIL (Bq/m**2) 1.37E-01 1.54E-01 1.54E-01 1.54E-01 1.43E-01
FIXED SOIL (Bq/m**2) 1.08E-06 1.17E-06 1.16E-06 1.16E-06 1.llE-06
VEGETATION INT (Bq/kg) 3.69E-05 8.72E-05 4.85E-05 4.85E-05
VEGETATION TOT (Bq/kg) 3.83E-05 1.19E-04 5.02E-05 5.02E-05
CUMULAT TOT+ (Bq-d/kg) 1.76E+O0 3.54E+O0 1.83E+O0 1.83E+O0
-------------------- -

INTEGRATED ANIMAL PRODUCT ANO FEEO INVENTORIES++ (Bq-d/kg)

3.99E-05
4.13E-05
1.73E+O0
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GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMULATIVE

ANIHAL FEED 2.21E-01 2.61E-04 2.33E-01 3.49E-04 6.40E-05 --- ---
BEEF 6.22E-02 9.85E-OS 6.21E-03 6.85E-04 7.1OE-O6 6.92E-02 4.95E+O0
MILK (8q-d/L) 1.21E-01 1.92E-04 1.21E-02 1.33E-03 1.38E-05 1.35E-01 9.63E+O0
POULTRY 1.87E-02 --- 2.08E-03 --- 5.70E-07 2.08E-02 1.17E+O0
OTHER 2.OIE-03 2.38E-06 O.00E+OO 3.02E-05 5.84E-07 2.05E-03 1.50E-01
---------------------

+ Cumulat tve 365 day integrated concentrateion in food products fran the tima of the accident.
++ Animal feed inventories are corrected for hold-up time from tima of harvest to animal consumption time.

An ima1 product concentrations are corrected for decay of the parent nucl ide from production (slaughter)
to human consumption.

EXECUTION TIME (seconds) 59
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c

.

●

●

●

.

.

c

c
c

c

c
c
c
c
c
c
c

c

PROGRAM COMIOA

IMPLICIT REAL*8 IA-H,O-ZI

Th. fOU&tWintegu vai*uOOdy tiinfOrti PCAOn
INTEGER*4 lncKl,lmcK2,1ncK

Idcntmcadm
P?cgfmN-: COMIDA
Medti Nmu: mmn.fVu8ion1.4
Oaa: 1/19/s3l-m 09:WM0

Chum MUYVV”72

0- idww r~wmdn.f 1.41/1S/S3 0969s3Gw’/

● ***.*.*****.*** ● ********..***** . ***. ***** *.*.** +**********.

● NOTE: For comvilaion on ttM INEL CRAY: ●

“ Wbw int~ lTfCK VMW with V4 TICK vwiab ●

● Ra@law “TIMER” fuwtian with h “SECONO- fwvxian ●

● ChuW, REAL*9 FUNCTION EXPF( to FUNCTION EXPF( ●

.*. **..*,...***. . . . . . . . . . . . . . . . . . . . .** *****..** ..*** . . . ...**

ConmmrbtIan Of Rtdianudti In Food md Arimd Products
. . ..*. ***. *..... . . . . . . . . . . . . . . . . ● ****.**....**.. ● ..**. *.. *.**.**

“ ‘TM Pwqrml Wm Ck8ignd to C&da. Cal’mmraticm in food “

● pdUCU fat ttm MACCS coda. k S. Road
● ..**.*..*.***.. ● * ***. * . **... **... ● *.**..**.*.**.* ● *.*..*******

DEFfN1710N OF VARIASLES USED IN COMIOA

C NOTE: I CORRESPONDS TO THE FOLLOWNG 1- 1,GFWNS 1-2 LEAfW VEG

c I - 3,ROOT CROPS I - 4, FRUITS I - 6.LEGUMES, I - 6, HAY I - 7, PASTURE
c J CORRESPONDS TO THE NUMBER OF PROGENY

c O* Stsm Vwlti

c

c -crq

c OVSC{l,Jl - ACTIVITY CONCENTRATION ON CROP SURFACE (60rT421

c CISSClf,Jl -ACTIVYIW CONCETRATION IN CROP SURFACE SOIL ISW21

c OflSCO,J) - ACTfVllY CONCENTRATION IN CROP ROOT ZONE lSO/M2)

c OVICO,J) - ACTIVITY CONCENTRATION IN CROP INTERIOR lBOJ%f21

c QFSCII,JI - ACTWITY CONCENTRATION IN FIXED SOIL COMPARTMENT 160M421

c -pUtua IIJr#n)

c WSPfJ) - ACTIVllY CONCENTRATION ON GRASS SURFACE GIW2L Y(6I

c CWSF’UI - ACTWWY CONC13T!ATION IN GRASS SURFACE SOIL BOJ?A2L Y(6I

C ORSPI.H - ACTIVTf’Y CONCENTRA710N IN GRASS ROOT ZONE fSO/M2L Y17)

C 12VlPU) - ACTWW CONCENTRATION IN GRASS INTERIOR lBO/M2) Y(SI

c t2FSPfJ) - ACTIWY CONCENTRATION IN FIXEO SOIL COMPARTMENT ISQI?A21

c-8t0mdh9v

c OVSHIJI - ACTIVWY CONCENTRA710N ON HAY SURFACE f60M42L Y(9I

C CISSHU1 - ACTIVllY CONCENTRATION IN HAY SURFACE SOIL f60/M21, Y(10)

c C)RSHUI -ACTPA7Y CONCENTRATION IN HAY ROOT ZONE 16W2L Y(11 )

C OVfHUl -ACTPATY CONCENTRATION IN HAY INTERIOR 16QAf21 Y(121

C QFSHU) - ACTIVITY CONCENTRATION IN FIXED SOIL COMPARTMENT ISQM42)

c Cddsmd V* from Stma Vaiabla

c

C - im9gra9d u-d swmm.d Vduo-pmva

c QTIPUI - TOTAL INTEGRATED ACTfVllV IN PASTURE GRASS FOR EACH ACCIDENT YR ISQ-OKGI

c QSTIP(J) - SHORT TERM INTEGRATED PASTURE ACTIVITY ISQ-OKG)

c WfWJl - SHORT TERM INTEGRATED PAsTURE SOIL ACTiVllY ISO-DKGI

c OIPSUI . INTEGRATED ACTtVITY IN PASTURE SURFACE SOIL fSO-OKG)

C - intqmtod md mmm.d v~OW

c

c

c

c

c

c

c

c

c

OTICII,J) - TOTAL ihtcrnd md mrf~l 3660 INTEGRATED CROP ACTWTW fSO-DKG WU WCi@t

IITIGIJ) -TOTA Iirimrnd W swfaml INTEGRATE ACTIVllW IN STORED ANIMAl FEED GRAIN fSO-DKG dry W&@t) FOR 1 ACCIDENT YEAR

ITIILU) - TOTAl Iintcrnd ud swfacd INTEGRATED ACTIVllY IN STORED ANIMAL FEED LEGUMES (S&DKG dry Wxht) FOR 1 ACCIDENT YEAR

CTOTALfI,Jl - TOTU hand ad gwfu.) ACTWW IN CROPS AT HAJWEST FOR 1.1 TO 6 f60KG W.t W9i@It}

CTOTA1.ll,Jl - TOTAA ACTWllY IN GRAIN 0-61 ANO LEGUME O-7) ~lMAL FEEDS ilfOKG dry WOiOht}

not, CTOTAUO,J} at-d CTOTAL17,J) wc not cwmcmd far mrfm tranlocation.

TCICI.U - CUMULATIVE TOTAL fiimnd md @xtenul) 366 OAY INTEGRATED CROP ACTIWl%’ IBQ-DKG WSt WO@’lt)

PGRAJN(J) - PRIOR YEARS ACTIVITY INVENTORY IN GRAJN (SOKG dry WOi@tl

PLEGUMEI.U - PRIOR YEARS ACTIVIW INVENTORY IN LEGUME (6ClKG dry W@lt)

c - imegrtid u-d 8umn0d Vdum-hq

c 12TIH(J) -TOTA INTEGRATED ACTIVITY IN =OREO HAY 160-OKGI

C PHAYU) - PRIOR YEARS ACTfVITY INVENTORY IN HAY iBt2KGl

c -w

c 016Pu) - INTEGRATED ACTIVln CONCENTRATION IN BEEF FROM PASTURE GRASS [8Q-DKGI

c OIBHIJ) - INTEGRATED ACTfVITY CONCLTRATION IN SEEF FROM STOREO HAY WJ-OKGI

C QISGU) - INTEGRATED ACTIVllY CONCENTRATION IN SEEF FROM GRAIN IS O-DKG)

c 121SLU) - INTEGRATED ACTIVITY CONCENTRATION IN SEEF FROM LEGUMES (60-OKGI

c OISSIJ) . INTEGRATED ACTlV17Y CONCENTRATION IN SEEF FROM SOIL (SO-OKGI

c OISTIJ) - INTEGRATE TOTAL ACTiVITY CONCENTMTION IN SEEF PASTURE,HAY,GRAIN ISQ-DKG)

C TOG-TOTAL INTEQRATEO ACTIVITY IN SEEF FOR ALL YERAS CONSIDERED
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C - milk

c OIMPIJI - ACTIVITY CONCENTRATION IN MUX FROM GRASS CONTFUB~ONS 50-OIU

c oIMHUI - ACTIVITY CONC~TION IN MILX FROM FEED CoN~B~oNs @~U

c OIMGUI - ACTIVITY CONCENTRATION IN MILK FRoM -N B=M

C OIMLUI - ACTIVITY CONCENTRATION IN MILX FROM LEGUMES (SO-OIU

c OIMSU) - ACTIVllY CONCENTRATION IN MILX FROM SOIL IBO-OAI

c OIMTI.U - TOTA ACTIVllY CONCENTRATION IN MILX PASTURE.HAY,GRAJN ISO-OA)

c (MM(J) - SHORT TERM INTEGRATE MILK CONCENTRATION FROM PASTURE (BdMl

C TOM - TOTAl INTEGRATED ACTIVITY IN MILX FOR ALL YERAS CONBIOEREO

c--
C OIFiGUl - ACTIWY CONCENTRATION IN POULTRY FROM-N @wfiGl

c OIPLSU) - ACTIVllY CONCENTRATION IN POUL~ FROM =IL B~KG)

c OIPLLU) - ACTIVITY CONCENTRATION IN FOULTRY FROM LEGUMES @~~G)

c QTIPLUl - TOTAL ACTIVIW CONCENTRATION IN POULTRY IS04KGI

C TOP - TOTAL INTEGRATED ACTIVllY IN POULTRY FOR ML Y* CONSIOEREO (S-KG)

c- Otflu tiunl

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

OIOGU) - ACTIVTI’Y CONCENTRATION IN O_fH~ ~lMAL rnoM -N @o-DKG)

OIOSU) - ACTIVITY CONCENTRATION IN OTHER ANIMAL FROM SOIL (SO-OfKG)

910P(JI - INTEGRATED ACTM7Y CONCENTRATION IN OTHER ANIMAl FROM PASTURE GRASS IS@OKG]

OIOHU) - INTEGRATED ACmVIIY CONCENTRATION IN OTHER ANIMAL FROM STORED HAY IBO-OKG)

OIOLU) - INTEGRATED ACTIVTIW CONCENTRATION IN OTHER ANIMAL FROM LEGUMES IS O-DKGI

anou) -TOTU AcTIMm CONCENTRATION IN OTHER ANIMAL (S.O-OKGI

TOO - TOTAL INTEGRATED ACTIVllY IN OTHER ANIMAL FOR ALL YERAS CONSIOEREO IS O-DKG)

octal Cda$ud Vdims

D[J)-RAOIONUCLIDE DECAY CONSTANT Id-1)

NM EMSER -NUMBER OF MEMBERS OF OECAY CHAIN -NPROG+ 1

cmP
PVC(I) - FALLOUT FRACTION TO CROP SURFACE

FSCII) - FALLOUT FRACTION TO CROP SOIL SURFAcE

patue
FVP- FALLOUT FRATION TO PASTURE SURFACE

FSP - FALLOUT FRACmON TO PASTURE SOIL

*
FVH - FALLOUT FRACTION TO HAY SURFACE

FVS - FALLOUT FRATION TO VEG SURFACE

Focal product ard Nudti xc lr@@ V*

NNUC -NUMBER OF NUCUOES IN Simulation

NUC -RAOIONUCUDE 10

NPROG -NUMBER OF PROf3ENY

THALFUI -HALF UFE OF PARENT AND PROGENY

ZXLUI -LEACH RATE CONSTANT Id-1)

ZXAD - ADSORPTION TO FIXED SOIL COMPARTMENT

ZXOE-DESORFilON FROM FIXED SOIL

c-crap

c CRCII,J) - CONCENTRATION RATlO FOR CROPS IdfY WO@lt)

c TVCOl - FRACTION OF SURFACE CONTAMINANTION ON EOIABLE PORTION OF CROP

c ZKASCII,JI - FOU~ ASSORPTION RATE CONSTANT FORCROPSWI I
c ZKGCIU - GROWTH RATE CON=ANT FOR CROPU-1 )

C SIC(U - lNITIAl CROP SIOMASS AT START OF GRDVWNG SEASON lXG(drY)N21

c BMAXCOI -MAXIMUM CROP BIOMASS (XGldrY1/lIA21

c BSTANOOI - STANDING SIOMASS OF CROP IKGldw)N21

c FOim -DRY Town WEIGHT RAmo

C — pmnxc ora

c CRPU) - CONCENTRATION RATlO FOR PASfURE IdtY wti~)

C 2XABPU) - FOUAR ABSORPTION RATE CONSTANT FOR PASTURE

C ZXGP - GROWTH RATE CONSTANT FOR PASTURE(d-1 I

c 91P - lNl_llA PASTURE BIOMASS AT START OF PASTURE SEASON lXGkbYlM2)

c SMAXP - MAXIMUM PASTURE BIOMASS (XG(drylN21

c ZSEN - SENESANCE RATE CONSTANT [d-l 1

c -*
c CRHU} -CONCENTRATION RATIO FOR HAY IdrY w-ohd

c ZXGH -GROWTH RATE CON=ANT ~R HAY&l)

c ZXASHIJI - FOUAR ASSORPTION RATE CONSTANT FOR HAY Id-1 I

c NCUT-NUMBER OF HAY CUITiNGS A YEAR Imaxinun of 3)

c BIH - INITIAL HAY BIOMASS AT START OF SEASON lXG(drYlMA21

c 8MAXH -MAXIMUM HAY BIOMASS lXGldrylM2)

C-lmof

c TCBUI -SEEF TRANSFER COEFFICIENT Idlkol

c RPB - BEEF DAILY lNGESTION OF PASTURE (ko/dl

c RHB -BEEF ANNUAL AVERAGE DAJLY INGESTION OF HAY ~dl

c RGB -BEEF ANNUAL AVERAGE DAILY INGESTION OF GRAJN II@d)

c RSB -BEEF OAJLY INGESTION RATE OF SOIL O@dl

C RLB -BEEF DALY INGESTION RATE OF LEGUMES Ika/d)

C - milk

c TCMU) -BEEF TRANSFER COEFRCEHT @kQ)
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c RPM -MILK DAJLY INGESTION OF PASTURE M/d]

c RHM -MILK ANNUAL AVERAGE ONLY INGESTION OF HAY C@dl

c RGM -MILK ANNUAL AVERAGE DAILY INGESTION OF GRAIN M/d)

c RSM - MILK ANNUAA AVERAGE INGESTION RATE OF SOIL Ow/d)

c RLM - MILK ANNUAl AVERAGE lNGESTION RATE OF LEGUMES {k.ddl

c- PudtrY

c TCPL(JI - POULTRY TRANSFER COEFFICIENT WI@

c RGPL - POULTRY GRAJN INGESTION RATE Ikddl

c R3PL - POULTRY SOIL INGESTION RATE Ika/dl

C - 6UW gfdn fod mimd

c TCOUI -TRANSFER COEFRCNET FOR OTHER GRAIN FED ANIMAL kMuJ)

c RGO -OTHER ANIMAL GRAIN INGESTION RATE Ika/dl

c RBO -OTHER ANIMAl BOIL INGESTION RATE IWd)

c RFD - OTHER ANIMAL DAJLY INGESTION OF PASTURE O@d)

C RHO -OTHER ANIMAL ANNUAA AVERAGE OAILY lNGESllON OF HAY It@d)

c RLO-OTHER ANIMAL OAILY INGESTION RATE OF LEGUMES W/d)

c Imurl Puamtn ml Swcifk to Crqmw Nudidas

c

c ALPHA-RATIO OF VEG CONC TO TOTAL DEPOSITION lh4-2~Gl

C 2KP - PERCOLATION RATE CONBT~T WI I

C ZKW-W=HERING RATE CONS7ANT !+11

c ZKR - RESUSPEWION RATE CONSTANT (d-l I

c ZKRS-RAJN~ RATE CONSTANT Id-1)

c PSS - SURFACE SOIL DENSITY b#m31

c PSR - ROOT SOIL DENSllY (g/m3)
c XR -0= OF ROOTING ZONE (m)

c XS -THICKNESS OF SURFACE SOIL COMPARTMENT {ml

c - tirm VA*

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

TINTM -SHORT TF3M INTEGRATION TIME FOR MILK (d]

lT -TIME OF TIUAGE (JULIAN OAY)

TSC - START OF GROkVING S-N, CROPS [JULIAN DAYI

TSP - START OF PASTURE GROWING SEASON UUUAN OAY)

TSL -sTART OF UVESTOCK GRAZING SEASON UUUAN DAY]

TSH - START OF HAY GROkVING SEASON (JULIAN OAYI

TEC - ENO OF CROP GROWING SEASON IJUUAN DAYl

TEL- END OF UVESTOCK GRAZNG SEASON UUUAN OAY)

TCUT(K)-TIME OF HAY CUTTING ‘K- UUUAJ4 OAYI

TI -TIME OF ACCIDENT UUUAN DAY)

TNOLDM -HOLDUP TIME, MILK

THOLDS -HOLDUP TIME. BEEF

THOLDp -HOLDUP TIME, POULTRY
THOLDO -HOLDUP TIME, OTHER

THOLOG - HOLOUP TIME, ANIMM FEED-GRNN

THOLOL-HOLDUP TIME, ANIMAL FEEO-LEGUMES

THOLDH -HOLOUP TIME. ANIMAL FEED-HAY

EllME - ELABPEO TIME SINCE ACCIDENT

NTIMES -NUMBER OF YEARS TO CU.CUIATE RESULTS

KYEARINTIM ES} - YEAR NUMBER RESULTS ARE CACULATEO FoR

CUTOFF-NUMBER OF HALF-LIVES CALCULATION IS TO BE PERFORMED OVER

c - Pua-neten Vduu

c NMAX -MAXIMUM NUMBER OF VARJASLES IN SOLVER (321

c MAXP - MAXIMUM NUMBER OF PROGENY [3+ PARENT)

c EPS -OE31RE0 ACCURACY OF RK4 SOLUTION(1 .OE-61

c NCR-NUMBER OF CROPS

c- Oti Vduw

c ITICK1 - COOE START TIME lSECONDS/1001

c ITICK2 - COOE END TIME I.SECONDS/l 001

c ITICK -COOE EXECUTION TIME LSECONOSI

C INITIUZE AND OEFINE COMMON VARIABLES

PARAM1731 IMAXP -4, NMAX-32,NCR -5, NCUTMAX-31

CHARACTER” 8 NUC

OIMENSION KYEAR1201,NUCIMAXP)
C biofnrn qmcific blodu

C CROPPAR.BLK

COMMON lCROPP~C,ZKGC,BIC,BMAXC, BSTANO,FO

DIMENSION TVC(NCR),ZKGCINCRl, BIC(NCR),BMAXCINCRl, FD(NCR).

IBSTANO(NCRI

C PASTPAR.BLK

COMMON /PASTPAR/ZKGP,BIP, BMAXP,ZSEN

C HAYPAR.BLK

COMMON IHAYPARKKGH,BIH, BMAXH,NCUT,TCUT

OIMENSION TCUTIO:NCUTMAXI

C BEEFPAR.BLK

COMMON /BEEFPARMFS,RHB, RGBrRSB>RLB

C MILKPAR.BLK
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cOMMON M41LKPANIWM,RHM,RGM,RSM,RLM

C PouLPAR.BLK

COMMON IW3ULP-GPL,IWPL,RLI%

caOpuld mxnd9Hub10du

C CROPNUC.BLK

COMMON ICROPNUCICRC,ZKASC

OIMENSION CRC[NCR,MAKPI,2XMC(NCR,MAXPI

C PAsTNuC.BLK

COMMON I?ASINUC/CRP,ZKASP

OIMENSION CRP(MAXPI,2KABP(MAXPI

C HAYNUC.BLK

COMMON MAYNUCICRH,21LABH

DIMENSION CRMfMAXPL21C4SH fMAXPl

C EEEFNUC.BLK

COMMON iSEEFNUCKC8,TCM

DIMENSION TCB(MAXPI,TCM(MAXPI

C PouLNUC.BLK

COMMON IPOULNUCITCPL,TCO

DIMENSION TcPLIMAXP),TCOIM&XPl

C nudids @ic M+

C NuCPAR1 .BLK

COMMON iNUCPARl MM EMBER,NPROG,THALF,2KL

OIMENSION THUFOAAXPI,2KLIMAXPI

C TIMEPAR.BLK

COMMON mMW~,T=,TW,T%TW,TEC,T&n,nN~,

I THBEEF,THMILK,THPOL,THOTNER,THGL,THHAY

C nudii d biom~ idqnndmt pummt.fg

C COMPAR.BLK

COMMON /COMPAFVZKP,ZKW, ZKR.2KRS,ZL4J3,2XOE,PSS,PSR,XR,XS,ALPHA

DIMENSION ALPHA17)

c mstc Vuidkm blocks

C CROPBTAT.BM

COMMON /CROPSTATVOVSC, OSSC,ORSC,OVIC, aFSC,TCIC,aTIC, CTOT&

OIMENSION QVSCINCR,MAXPLOSSC(NCR,MAXPLORSCINCR,MAKPI

l. WICINCR,MAXPl,QFSC( NCR,MAXPl,TOClNCR,MAXPLOTlC(NCR.MAXPl

I,CTOTAL(NCR + 2,MAXPI

C PAsTSTAT.BLK

COMMON PM~ATUOV9,0=,~*,QWP,0FW

OIMENSION 0V9WMPl,0S9m~P), ~WWM,0WPlM~

l, OFSPfMAXP)

C HAYSTATE.BLK

COMMON MAYflAT~~,QSW,~-, OWH,OFW

DIMENSION 0VSHiA4AXP),0SSN lMAXP),DRW IMAXP),WIHIMAXPI

I, OFSHIMAXH

C BEEFSTAT.BLK

COMMON /SEEFSTATE/OIBP, OIBH,DIBG,DNJS, OIBT,DISL.TOS

OIMENSiON mBP(MMP),mBHWmP), aBGWwl,~SSW-.@BTWW)

l,alBLfMAx%Tas(MAxP}

C MILKSTAT.BLK

COMMON NIM~ATU~MP,@MH, ~MG,@MS,QIW,~ML~ W,TW

OIMENSION QIMP(MtiP),OIMHfM_), ~MGWM~,QIMSWMW. @M7MMPl

l, OIMLIMMP).~W(MMP),TW WMP)

C POULSTAT.BLK

COMMON ~UL=ATU~~G,Ol~S,~U,Qm~.T@

oiMF.NsaN QlmG(M~p),alnsmmp), anmwup),almwwl,

lTaPIMAxPl

C 0THER3TA.BLK

COMMON IOTHERSTATEIOIOG, OIOS,OTIO,OIOP, OIOL,CIIOH,TOO

DIMENSION ~OGWWl,~OSWHPl, OmOWMP),~OPWMH, @OHN~),

IOIOLIMAXPLTOO(MAXPI

C INPUT PARAMETSR DATA ANO OPEN OUTPUT FILE

OPEN (3, FILE - ‘COMIOA.OUT’,STATUS - ‘UNKNOb’Wl’l

0PEN(4,RLE - ‘COMIDA.DMP’,STATUS - ‘UNKNOWN”)

CALL nMERancKl I

c TICK1 -SECONOII for INEL crq

WRITE(3, “1 IOKEYW

CALL lNPIJTPAFNNTIMES.KYEAR)

C BEGIN LOOP TO CALCULATE

0PEN12,flLE - ‘COMIOA.VAW,STATUS - ‘OLD’)

C CREATE LOOP TO INPUT NUCUDES, CALCULATE CF”S ANO STORE RESULTS

READ(2,”) NNUC

WRITE(3, 10001 NNUC

WRITE[*, 1000} NNUC

DO 100, I - 1,NNUC

READ(2.*) NUCll),NPROG,fNUCIKLK -2,NPROG+ 11

REAO(2,*) ITHAFIKLK - l, NPROG + 1)

NM EMBER -NPROG+ 1
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RSAD(2, ”I 12KL(KI,K - l,NMEMBSRI

READ(2, ●I 2KAD,2KDE,NCUTOFF

WWTE[3,2000i NUCI1 I.NPROG

WRITEU,200D) NUCI1 ),NPROG

WRITEI”,2DOOI NUCI1 LNPRO13

CUTOFF - FLOATiNCUTOFFl* TNALF(l )/386

00 130,J-l,NMEMBER

READ(2,”I ICRCIK,J). K-l,NCRI

REAO(2,”) 12KA8CIK,JL K - 1,NCRI

REAO(2,*I CRPULCRN(JI

RSAD(3,*) 2KABPUL~HU)

READ(2. ●) TCSU),TCMU),TCPLU),TCOUI

120 CONnNUE

CALL ONSYEARU’JM,NUC,TGROVW, CUTOFF,NCUTOFFI

K-2

00 130,J -2,KYEAR(NnMES1

IFLJ.E13.KYEARIKI)TNEN

KFLAG -1

K-K+l

ELSE

KflAG-O

ENDIF

CALL NYEAR(NM,J,KFL4G,NUC,TGROWP,C~OFF,NCUTOFFl

130 CONnNUE

c - Cu?hdmiu im00r8td m- in U9 la mm

132 DO 136,J - I,NCR

DO 136,K - l, NMEMBER

TQCIJ,K)-O.

136 CONnNUE

136 CONTINUE

00 13B, K- 1.NMEMBER

ToBIKI-O.

TOM(KI -O.

TOPIKI-O.

Too(K) -O.

138 CONTMUE

100 CONTINUE

CALL nMmnncK21

C nCK2 - SECOND()

lncK-oTfcK2-lncKl l/loo

c ncK . ncK2-ncKl

WRfTE13,4000)

WWTE(3,3000) lncK

CLOSE13,STATUS - ‘KEEP’)

CLOSE14,STATUS - ‘KEEP?

CLOSE16,STATUS - ‘KEEP7

1000 FORMATIIX,’NUMSER OF NUCUDES EVALUATED ‘,13)

2000 FORMAT124X

1/,1X,’PARENT NUCUDE NAME ‘,*,1 X.’NUMSER OF PROGENY: ‘,12)

3000 FORMAT12X.’EXECUTION nME !sccods) ‘,10)

4000 FORMAT12X,’ + Cunt.iadvs 366 day intqratsd e~ 8tlm 10 food

Iwodvcm hom tta tima of tfm ucidam.’

112X,’+ + Animal fd invunoria U9 curutd fof hc4d-qI dnm fro

Imtinmof fntvnttomimdc —ptiarl Iilrla.’

bKX,’Arimd product conunv ui0r9u8c0w9cmd fw*0fllu

Iwalll rwclii fronl poductlm fdaughlad’

U6X,’1O mm c— Ption.’l

END

c ● *””*”*”””***”*””””*****”******

C “ SUSROUTINE INPUTPAR ‘

c “*””” *”””***”*”**”****”********

SUBROUTINE INPUTPAJUNTIMES,KYEAR)

IMPLJCIT REAL*8 IA.H,O-21

PARAW?W4 (MAXP-4,NCR -6,NOA-2,NCUTMAX -3)

C SL - LOWER ACCEPTABLE SOUNDARY LIMIT

C WI - UPPER ACCEPTABLE BOUNOAJW UMIT

C W - INPUT VALUE

C LNUM -UNE NUMBER IN INPUT OECK

C REc - RECORD NUMBER
●

● Idarltificatim
● RoormI Namw COMIOA
● Moduh Nmm: inpulpar.f V.fwim 1.S
. Daa 10/26/S3 T-: 10:24:34
.

Chuutu idk.oyw*72
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D&b idluYw ro(:)i~u.f 1.8 10I26IS3 1024:34W’I

C CROPPW.BLK

COMMON ICROWAJWVC,2KOC,BIC. BMA%C,BSTANO,FO

OIMENSION ~CNCR),~GCINCRl,~C~ CRl,BMUC~CR).~RCR).

lBSTAJIOINCR)

C PA.STWJ!.BLK

COMMON ~ABTPARiZKGP,BlP,BMAXP,2SEN

c HAWAR.BLK

COMMON rWAYPARRKCiH,BIH.BMAKH.NC~.TC~

OIMEWSON TCUT(O:NCUTM~l

C BEEFPAR.El_K

COMMON ~EEFPARMPB,lWB.RGB,RSB,RLB

C MILKPAR.BLK

COMMON /MILKP~,RHM,RGM.RSM.RLM

C POULPAR.BLK

COMMON /POULPAAiRGPL.RBPL.RLPL

c OTHERPAJLBLK

COMMON /OTHERPARtRGO,RBO,RLO, RHHOJWO

c nMEPAR.6LK

COMMON /TIMEPAfVIT,TBC,TSP,TSi..TSH,TEC,TELn,nNTM,

I mSEEF,~MIU,WWLWOW~~GL~HAY

C COMPNLBLK

COMMON /COMP=P,=W,~,~S,=,~ &~,~M$S*A

OIMENSION ALPHAITI

C RANT.BLK

COMMON /PIANT/ 2JCG,CR,THlCK,RH0,BMAK, B=ART,GnME

OIMENSION CR{MMPI

C MOFWIER.BLK

COMMONIWOOIREFU AnME.FMOO.NPOINTS

DIMEN610N AnME13961,FMOD(3661

OIMENSION KYEAR120)

CHARACTER*8O nnE
CHARACTER*1 1 TTIME

CHARACTER-S 00ATE

CHARACTEW1O SPC

CHARACTER”1O FILEIN

RLEIN = ‘COMIOA.PA.W

BPc.’ - ‘

CALL nMEMIMEl

CALL OATE(DOATEI

OPEN(1 ,RLE - ‘COMIOA.PAR’,STATUS - ‘OLO’I

READU, *I nnE
c cROP PARAMETERS

REAKW,*) llVClll,l - l,NCRI

LNUM-2

BL-O.O

BH-1.O

00 10,NREC - l,NCR

w = lVCINRECl

CALL CHECKISL.BH,Vl,LNUM, RLEIN,NRECl

10 CONnNUE

READI1 ,“1 (2KGCllLl - 1,NCRI

LNUM-3

BH-10.O

00 20,NREC - 1,NCR

W - ZKGCINRECI

CM.L CHECKIBL,BH,VUNUM,FILEIN,NRECI

20 CONTINUE

REAO(l ,“) (BICIILI - l,NCRI

LNUM -4

BL - 1.OE-B

BH-1OO.O

00 30, NREC - l,NCR

M - BICINREC)

CML CHECKIBL.BH,Vl,LNUM, RLEIN,NRECl

30 CONTINUE

READII, ”I IBMAXCIII,I - I,NCR)

LNUM-6

BL - 1.OE-2

BH-1OOO.O

00 40,NREC - I,NCR

Vl - BMAKCINRECI

CALL CHECK(SL.BH,Vl,LNUM, RLEIN,NRECl
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40 CONTINUE

READI1 .*1 lBBIANOOl,l - I.NCR)

LNUM-0

00 SO,NREC - 1,NCR

IA - BBTANO (NRECI

CALL CHECKlBL,6H,Vl,LNUM, FlLElN,NRECl

SO CONTINUE

READI1,”I lFOOl,l - I,NCR)

LNUM-7

SL-1E-1O

BH.1.o

00 SO,NREC - 1,NCR

VI - FWNREC)

CALL CHECKIBL,SH,Vl,LNUM, PILDN,NREC)

60 CONnNUE

C PASTURE (MASS PARAMETERS

RW(l,*I ZKGP,ZSEN

LNUM-8

8L-O.O

BH -10,0

NREC -1

CAM. CHECKIBL.BH.ZKGP,LNUM, PiLEIN,NREC)

NREC-2

CML CHECK(BL.BH,ZSEN,LNUM, RLEIN.NREC)

REAU1 ,* I BIP,BMAKP

LNUM-9

BL - 1.OE-6

BH-1OO.O

NREC -1

CALL CHECKIBL,BH,BIP,LNUM, PILEIN,NRECI

NREC-2

CALL CHECK(BL,BH,EMAKP,LNUM, FILEIN,NREC)

C HAY PARAM~ERS

REAOI1, *I 2KGH,BIH,BMAKH

LNUM-10

BL-O.O

BH-10

NREC -1

CALL CHECKIBL,SH,ZKGH,LNUM. PILEJN,NRECI

EL - 1.OE-6

BH-1OO.

NREC-2

CALL CHECK(BL.BH,BIH.LNUM, flLEIN,NRECl

NREC-3

CALL CHECKISL,BH,BMAKH.INUM, FILEIN,NREC)

REAL) (1,*)NCUT,ITCUTIII,I - l, NCUTI

LNUM -11

NREC -1

Vl = FLOATINCIM

BL-I

BH-3

CALL CHECKIBL.BH,VUNUM,FILUN, NRECI

BL-1.O

BH - 3S6.0

00 70, NREC - l,NCLIT

w - TcuTINREC)

CALL CHECKIBLBH,Vl,LNUM,FILEIN.NRECl

70 CONnNUE

C BEEF, MILK, ANO OTHER ANIMAL Parameters

LNUM-12

NREC -1

REAO(l ,*) RPB,RHB,RGB,RSB,RLS

BL-O.O

BH -100.0

CALL CHECKIBL,BH,RPB,LNUM, PILEIN.NREC)

NREC - NREC + 1

CALL CHECKIBL,BH,RHB,LNUM, FILEIN,NREC)

NREC -NREC + 1

CALL CHECKIBL,BH,RGB,LNUM, FILEIN,NREC)

NREC - NREC + 1

CALL CHECK(BL,BH,RSSANUM, FILUN,NREC)

NREC -NREC + 1
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..

CALL ~ECK~LBH,-,NUM, RLBN,NREC)

NREC - NREC + 1

REAM ,“) RPM,RHM,RGM,RSM,RLM

LNUM-13

NREC -1

CALL CHECKIBL.8H,RPM, LNUM,FILEIN,NRECI

NREC - NREC + 1

CALL CHECKIBL.Bll,RHM,LNUM, PiLEIN,NRECl

NREC - NREC + 1

CALL CHECKIBLBH,RGM,LNUM, FILEIN.NREC)

NREC - NREC + 1

CALL CHECKISL.BH,RSM,LNUM,RLBN,NRECI

NREC - NREC + 1

CAAL CHECK(BL,BH,RLM.LNUM.RLEIN.NRECI

NREC - NREC + 1

R&4011 ,* I RGPL,RS?L.RLPL

LNUM-14

NREC-1

CALL CHECKIBL.BH,RGPLLNUM, FILEIN,NRECI

NREC -NREC + 1

CALL CHECKIBLBH,RSPLLNUM, RLEIN,NREC)

NREC -NREC+ 1

CALL CHECK(SL,BH.RLPLLNUM, RLEIN,NRECI

READ(1 ,“1 RPO,RHHO,RGO,RSO.RLO

LNUM-16

NREC -1

CALL CHECKIBLBH,RPO.LNUM, RLEIN,NRECI

NREC - NREC + 1

CALL CHECKIBL,BH,RHHO,LNUM, RLEIN,NRECI

NREC -NREC + 1

CALL CHECKISL.BH,RGO, LNUM,FILUN,NREC)

NREC -NREC + 1

CALL CHECK(BL.BH,RSO, LNUM,RLEIN,NRECI

NREC - NREC + 1

CALL CHECKIBLBH.RLO,LNUM, FILEIN,NRECI

C SOIL ANO WEATHERING PARAMETERS

READ(1 ,“1 ZKP,ZKW,ZKR,ZXRS

LNUM-16

NREC -1

BH-10.

CALL CHECKISL.BH,ZKP,LNUM. RLEIN,NRECI

NREC -NREC+ 1

CALL CHECKiBL,SH,ZKW,LNUM, RLDN,NRECl

NREC -NREC + 1

CALL CHECKIBL.SH,ZKR.LNUM, RLEIN,NRECI

NREC-NREC + 1

CALL CHECKISL,SH,ZKRS,LNUM, RLEIN,NRECI

READ(1 , “) PSS,PSR.)LR,XS

LNUM-17

NREC -1

BL-1.O

SH-1E4

CALL CHECKIEIL,BH,PSS,LNUM, RLEIN,NRECI

NREC -NREC + 1

CALL CHECK(BL,BH.PSR, LNUM,RLEIN,NRECI

SL-1.OE-B

SH-1OO.O

NREC -1

CALL CHECKIBL,SH,XR, LNUM,RLEIN.NREC1

NREC -NREC + 1

CALL CHECKiBL,SH,XS,LNUM. RLEIN,NRECl

R-II,”) W_PHAil),l-1,71

LNUM-l S

SL-O.O

SH -100.0

DO SO,NREC -1,7

w - ALPHA(NRECI

CALL CHECK(BLBH,Vl,LNUM, RLEIN,NRECl

SO CONnNUE

C nME PARAMETERS

RW(l ,*InNTM,U,TSC,TSP,TSL
RW(l ,“)TSH,TEC.TEL,n

LNUM-19

NREC - 1

SL-1.
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BH - TEL-TSL

CALL CHECKIBL,BH,nNTM,LNUM, FILEIN,NREC)

NREC - NREC + 1

CAAL CHECKIBL,BH,~.LNUM. FILEIN.NREC}

NREC - NREC + 1

BH -200.

CALL CHECK(BLBH,TSC,LNUM, RLEIN,NREC)

NREC - NREC + 1

CALL CHECK(BL,BH,TSL.LNUM, FILDN,NREC)

NREC -1

LNUM-20

CAIL CHECIC(BL,BH,TSH.LNUM. FILDN.NREC1

NREC -NREC+ 1

BH -306.

CALL CHECKISLSH,TEC,LNUM, RLEIN,NREC)

NREC - NREC + 1

CALL CHECKIBL,BH,TEUNUM, RLEIN,NREC)

NREC -NREC+ 1

CALL CHECKIBL,WLn,LNUM, RLEIN,NRECl

c Ctladl til’m Puulwtm fof Wdap

CALL nMECK

EL-O.

RSAD(1 , ●) ~BEEF,~MIM,~~L.~ OW~,~W,~HAY

NREC-1

LNUM-21

CAJ.L CHECKISL,BH,THBEEF, LNUM.RLEIN,NRECI

NREC - NREC + 1

CAAL CHECKIBL.BH,THMILK.LNUM, RLEIN,NRECI

NREC - NREC + 1

CALL CHECKIBL,BH,THPOL. LNUM,RLDN,NREC)

NREC - NREC + 1

CALL CHECKIBL.BH.THOTHER,LNUM,FILEIN,NREC1

NREC-NREC + 1

BH - 31)S-TEC

CALL CHECKIBL,BH,THGL, LNUM,FILEIN,NRECI

NREC -NREC + 1

BH - 3SS-TCUTINCWI

CML CHECKISL.BH,THHAY, LNUM,FILEIN,NRECI

READI1 ,“1 NTIMESJKYfNUl).1 - l.NnMESl

LNUM.22

BL-1

BH-SW

NREC-1

W - FLOAT(NTIMESI

CALL CHECKtBLBH,Vl,LNUM, RLDN,NREC}

IFIKYEAR(l I.NE.l)THEN

wRITEI*,*I ‘ERROR: FIRST VALUE OF KYEAR MUST BE 1’

PAUSE

ENDIF

Btl-l EO

00 SO, NREC - 2,NnMES

IFIKYEAIUNRECI.LE.KYEAFUNREC-1 )ITHEN

VVRITE[*, *I ‘ERROR: KYEAR VALUES MUST BE IN ABSENDING ORDER’

PAUSE

ENDIF

Vl - FLOAT{KYEARINRECII

CALL CHECKIBL,S.H,Vl,LNUM, RLEIN,NRECl

sO CONnNUE

CLOSE(1 ,STATUS - ‘KEEP’)

WRITE13.”1 IDKINW

WTUTE13,”1 ‘nME ‘,mME

WRITE13,*I ‘DATt2 ‘,DDATE

vmuTE13,*I TITLE ‘,nnE
WRITE(3, 1001

WRITEI*, 100)

WRITE(”,2001

WFUTEI*42601

WRITE13,200)

WRITE(3,2SOI

wWTEI”,”I nnE
WRITE[3,3001 (ALFWAIILI - 1,61,1TVC0),l - 1, NCRL(2KGC(I),I - 1,NCRL

IIBICOLI - l,NCRLIBMA%CII1,I - l,NCRI,IBSTANDIII,I - 1.NCRL

llFDil),l - l,NCRI
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WWTE13,4001 BPC,SPC,ZXGH,ZXGP,SPC,

I SPC,BPC.EJIH,SIP,SPC,

I SPC,SPC,BMAXH,BMAXP,SPC,

I BPC,BPC,ALFHA(IJI,ALPNA(7LSPC,

I SPC,SPC,SPC,ZSEN, SPC,

1 RGELRLS,RHB,RPB, RSS,

I RGM,RLM,RHM.RPM,RsM,

I RGPL,RLFL,3PC.S?C, RSPL,

I RGO,RLO,RHHO,RPO,RSO

VWUTE13SOOl NCUT,ITCUTOLI - 1,NCUTI,TINTM

VVRITE(3,6001 ZXP,ZXW,2XR,2XRS,PBS,PS%XR,XS

WRITE13,7001 ~,T*,TW,T%TW,TEC,T~n,~B=F.~Ml&

ITHPOL.THOTHER,TNGL.TNHAY

100 FORMAT12X,” ● ******************* COMIOA ● *+*****-*************’

11,2X; ● A -C food ~ modd la IN m tln MACCS “’

V,2X,’ ● r.utor ccimq- coda. . .

11,2X “ ● &ttu S. Roadd Mii L. Ah&tt “’

11,2X,’ ● Idti Naiad Erqi~ L~#ory ‘“

l/,2x,’ ● EGi%O Id& PO Box 1626 Id#w F* “’

11,2X,” ● ID S3401. . .

11,2X.’ * V- Cm@d COPV . .

11,2X,” “ V- 1.01 Octoba 26, 19S3 “’
!J.2X,. ***** **. ***** **. *.**. *... *.**.. *.. **.. *.*. * . ...*.....

200 FORMAT12X,’ ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I -------------- -------’

119x,’ ACKNOWLEDGEMENT OF GOVERNMENT BPONBORSNIP ANO’

1/9%,’ UMITAnON OF UA61UlY ‘

112X,’

l/2x,lW9 mtid rtiti from wark dwdd h U.S. 0~

I- Or

l/,2x, ”Enuoy, Offica of EmroY %aauch, DOE Fkld Offiw Id*’

11,2X,’ Contract Nwnbar OE-AC07.781001 670;

l/,2x,’Natb Vm Uritcd stat- w rim Uriwd Statw hpwtmmf

Iof Ermrg#

U,2x,%mr my 01 Unir anployaa, mti my wurmty 9xpraa0d or

Iimpkd. &

ll,2x,’— any Iaod liability w rwpawibility fot * accua

Icy’

Ilzxo”compht-, w IDbfld- of m kdmmiarb appuau, Pr

Icduct or pr-’

l/2x,’ddONd# or mpraanm thot its x Wodd not inhingo an p

Invotoly Ownad’1

2s0 FoRMAT(2x,’ri9ha. BLhroudrla RK4, Rxac d 00EINT m Capwighf

I(C) N-al’

I/,2x,’ROcillam BoltWm. ROPraduead by PumhiOn framth8baak, N

l-d’

1,/2x,’Fkip8m Ctmlwidw Utiv* -.’

U,2X,’---------------- -------------------------------------- ------

1---------------’

112X,’ ‘1

300 FORMAT(I X; PARAM!3ER VALUES FOR COMIOA”

1,1X

I/, 1x,’— CROP VALUES — LEAIW

! ROOT’

1/,1x.’ GRAJNS VEGITAltLES

I CROPS FRUITS LEGUMES’

!/, 1x,’

I

U,l X,’INTERCEP’TION FRAC lm””2h@: ‘,1 PE9.2, 1X, 1PES.2, 1

IX.l PE0.2,1X, IPES.2,1X, IPE9.2

1/,1X,”FRACTION TO EDIBLE PORnON OF CROP ‘,1 PE9.2,1X,1PE9.2,1

IX,1PE9.2,1X,1PE9 .2,1 X,1 PE9.2

1/,1X,’GROWTH RATE CONSTANT (d-l k ‘,1 PE9.2, 1X.1 PES.2, 1

1X,1 PEO.2. 1X, 1PES.2, 1X, 1PES.2

1/,1X,’INITIAL CROP BIOMASS @ldry l/m” ●2k ‘,1 PE9.2, 1X, 1PES.2. 1

IX,1PE9.2,1X.1PE9 .2,1 X,1 PES.2

1/,1x,’MAXI MUM CROP BIOMASS lkgWyl/m* “21: ‘,1 PEO.2, 1X,1 PE9.2. 1

1X,1 PE9.2, 1X. 1PES.2, 1X, 1PEU.2

U, 1X,’STANDING CROP SIOMASS (l@dIY1/m*”21: ‘, 1PE9.2,1 X. 1PE9.2. 1

IX,1PE9.2,1X.1 PE9.2,1X,1PE9.2
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II, 1X,”DRY WEIGHT TOW WEIGHT RATIO: ‘,1 PES.2,1 X.1 PEE4, 1

IX, 1PE9.2, 1X.1 PE9.2. 1X.1 PES.21

400 FORMAT(1 X,

Il. 1x,’— ANIMAL FEED PAJUMETERS — GIVJNS LEGUMES

I HAY PASTURE* SOIL ‘

11,1X,’

I

II, lX,”GROWTH RATE CONSTANT Id” “.11: ‘,alo ,*1O

I,1PES.2,1 X.1 PES.2,*1O

1/,1X;INITIAL CHOP E40MASS O@dWm” ●2E ‘,*7 O ,al O

1,1PE9.2, 1X, 1PEO.2.~10

l/,lX,’MAXIMUM CROP BIOMASS OQldfY1/m*”2k ‘,al O ,010

I,1PE0.2,1X,1PE9 .2.*1O

1/,1 X,”FOLIM INTERCEPTION FRAC lm””2/l@ ‘,S1O ,alo

I,1PES.2,1 X,1 PE9.2,S1O

1/,1 X;SENESCENCE RATE CONSTANT Id-1 k “,*1O ,alo ,alo

I ,lX,l PED.2,a10

1/,1 X,’ANNUU AVG SEEF COW CONSUMPTION Ikddl: ‘,1 PE9.2. 1X. 1PE9.2.1

IX, 1PE9.2,1 X.1 PES.2, 1X, 1PE9.2

1/,1X,’ANNMl AVQ MILK COW CONSUMPTION (kaldl: ‘,1 PE9.2.1 X. 1PES.2.1
IX, 1PES.2,1 X.1 PE9.2. 1X,l PED.2

1/,1 X,’ANNUA. AVG POULTRY CONSUMPTION (ka/dk ‘,1PE9.2.lx.1 PE9.2,s1O
I ,alo ,1X, 1PES.2

l/.lX,”ANNUAL AVG OTHER ANIMAL CONSUMP IWdk ‘,lPE0.2.1 X.1 PE9.2.1

1X,1 PEO.2, 1X, 1PE9.2. 1X, 1PE9.2

II,’ ‘ i~cm r-. only wM8 rnmd m m palud

!/, 1ox)

600 FORMATI1 X’— OTHER FEED PARAM=ERS —’

1/, 1X,’NUMSER OF HAY CUITINGS: ‘,12

1/,1X;HAY CUITING nMES UUUAN OAY): ‘. F4.0,1X,F4.

I0,1X,F4.O

1/.1 X,’SHORT TERM PASTURE INT. nME FOR MILK ldk ‘,l PES.2

I,lox

1/,’ “)

000 FORMATIIX;— SOIL PARAM~ERS —’

1/,1X.’PERCOlAnON RATE CONSTANT (d” “-l): ‘,1PE9.2

1/,1 X,%VEATHEFUNG RATE CONSTANT id””.lk “,l PES.2

!/, 1X,’RESUSPENSION RATE CONSTANT id” ●-11: ‘,l PEO.2

1/,1 X,’RAJNSPMSW WTE CONSTANT Id””-lk “,1 PEO.2

1/,1X,’SURFACE SOIL DENSITY (l@m” ●3k ‘,1 PE9.2

1/,1 X.’ROOT S011 OENSllY II@m” “3): “,1 PE9.2

!/, 1X.’OEPTH OF ROOnNG ZONE Ire): ‘,1 PE9.2

U, 1X,”SURFACE SOIL cOMPMTMENT THICKNESS (ml: ‘,1 PE9.2

II, 1ox)

700 FORMATI1 X.’— TIME PARAMEKfW —’

1/,1 X,’TIME OF nLMGE UUUAJ# OAYk ‘,F4.O

II, 1x;START OF CROP GROWING SEASON UULIM OAYk ‘,F4.O

1/, 1X,’START OF PASTURE GROWING SEASON UUUAN DAYk ‘,F4.O

11,1X; BTART OF GRAZING SEASON UULMA DAYI: “.F4.O

II,lX,’START OF HAY GROWING SEASON UWAN DAYh ‘,F4.O

1/,1X,’ENO OF CROP GROWING SEASON UUUAN DAYh “,U.O

1/,1X;ENO OF GRAZING SEASON UUUAA DAY): .,F4.O

1/, 1X,’TIME OF FALLOUT EVENT U ULIAN OAYI: .,F4.O

1/,1X.’HOLD-UP nME, SEEF IDAYSK ‘,F4.O

l/,lX.’HOLD-UP nME, MILK IDAYSI: ‘,F4.O

II, 1X; HOLD-UP nME, POULTRY (DAYS): ‘,F4.O

1/,1 X, WOLD-UP nME, OTHER ANIMAL lDAYSk ‘,F4.O

1/.1 X,’HOLD-UP nME, ANIMAL FEED GRAIN&LE@JME IDAYS): ‘,F4.O

1/,1X,’HOLD-UP nME, ANIMAL FEED HAY IDAYSI: ‘,F4.O

11,1X,’ ‘

II, 1X,’UNITS CROP CONCENTRATION: SWka (.- Waiehcr

1/,1x,’ ANIMAL FEED COMPARTMENTS S@m* ●Z IdrY waiohtl’

II. 1x,’ SOIL COMPARTMENTS: Sq/m**2 ‘

1/,1x: MILIC BqdA ‘

Il. 1x,’ MEA~ Sqdflu#t

999 RETURN

ENo

c ● ***************”*”””*”*”****”’

C ● SUBROUTINE CHECK “
c . ..Os . . . . . . . . . . . . . . . . . . . . . . . . . .

SUBROUTINE CHECKIBLBH,V1.LNUM, flLEIN,NREC)
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IMPLICIT REM*8 (A-H,O-21

C N u&unhn dwclw V*W read in INPUTPAR md MAJN fw ~

C bomdifw limits. Cdhd bv INPUTPAR d MAJN

CHAJfACTER”l O FILEIN
.

. M811tMdan
● Prowmn Nmm: COMIDA
, Mod& Num: dnck.f Vtirn 1.2
● O*W 1/1s/s3 limw 10s1 :63
●

Chuuta idlmvw”72

O** Jdbyw /@{*lch@ck.f 1.2 1119163 10~l:63W/

I&8vw-i.dkavw

IFM.GE.BL.ANO.VI.LE.BHITHEN

R13URN

ELSE

wRITE[*, 1001 LNUM,NREC,FfLElN,VLSH,6L

PAUSE

ENOIF

100 FORMAT[l X, TRROFk IN LINE NUMBER ‘,13,’ RECORO “.12.’ IN ‘,~10

1/,1 X,’VALUE OUT OF ACCEPTED BOUNOS’

U, 1X,’INPUT VALUE: “,1 PE1 1.4

U,lX,’ACCEPTEO UPPER VALUE ‘,l PE1 1.4

1/,1 X,’ACC~EO LOWER VAAUE ‘,l PE1 1.4)

RnuRN

ENo
c ● *+*** *.*** .*,.. . . . . . . . . . . . . . . .

C ● SUBROUTINE nMECK ●

c .0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SUSROLMNE TIMECK

IMPLICIT REAL*8 (A-H,O-ZI

C Tti8 tiwti!m chuka tln tinn vniabb road h INPUTPAR & _-

cthatthO bCohtimau*bfOmth uldtima fOrcrOPDmdlivNtOck

Cudtfut dmtim8efsc-d_rwf -cm ffn-d.vafthoalut

C w 4 of s orowirk! .-m. Cdlod by INPUTWR
●

● Idmtificatim
● PWOran Nuns: COMIOA
● Mod* N- tim.ck.f Vcrsim 1.3
● ON*: 1/19/S3 Tima: 11:22:17
●

INCLUOE ‘TIMEPAR.BLK’

ChuoctU Ldlwyw “72

oti~ idk9vw rWOki-f 1.3 111S/S3 11:2217WI

idkqw - idbyw

IFITSC.GE.TECITHEN

WTUTE(*,”) ‘ERROR: TX CANNOT BE GR-TER THAN TEC IN UNE 106

120’

PAUSE

ENOIF

IF(TSL.GE.TEUTHEN

WRITE{”,”) “ERROR TEL CANNOT BE GREATER T!+A TEL IN UNE 1S ~

I 20’

PAUSE

ENOIF

IFITSP.GE.TELITHEN

wRITEI”,*I ‘ERROR TSP CMNOT BE GREATER ~~ TEL IN uNE 1$6

I 2W

PAUSE

ENOIF

IFITSLGE.TELITHEN

b%lUTEl”,*l ‘ERROK TSL CANNOT BE GREATER THAN TEL IN UNE 1061

I 20’

PAUSE

ENDIF

RETURN

END

c .*************.. ******.***.*...
C “ SUBROUTINE CROP1 “
c ● **. *.. **. * . . . ..*** .**. ***....*

Subroutine CROP1 ~GROW,NM,QTIG,QnL.Tl I

c M *mJtil’m Cddata tlm cOruwuratiOn ina0Psf0rth8V0=

C ths scti -rod.

IMPLICIT REAL*8 (A.H.O-ZI

B-13



.

.

.

.
●

●

c
c
c
c
c
c
c
c
c
c

Idu’mifbtimt

Rogrm Nanm: COMIDA

Mmdti Nmto: aopl .f Vmwim 1.2

0- 1/1s/93 Tinm: 1010:36

NRDK - NUMBER OF COMPARTMENTS TO BE PASSED TO SUBROUTINE ROK

GTIME - nME ELASPED FROM STAR7 OF GROWING S-N

FVCIO - FALLOUT FRACnON TO CROP SURFACE

FSCfi} - FALLOUT FFUCnON TO CROP SOIL SURFACE

QTIGUI - INTEGRATED ANIMAl GRAJN INVENTORY

QTILUI - INTEGRATE ANIMA LEGUME INVENTORY

dunrny VW n giwn to BMAX md BsTN!T to mwid diwim W

zuo in DERIVS

NM - NUMBER OF MEMSERS IN DECAY CHAIN

11 G,T1 L - ANIMAL FEED lNTEGRAnON nMES FOR GRAJN ANO LEGUME

PARAMEKR iMAXP-4,NMAX -32,NCR-61

C CROPPAR.SLK

COMMON /CROPPAIWVC.ZKGC,SIC,BMAXC,BSTAND,W

DIMENSION TVC(NCRl,ZKGCINCRl,SICINCRl,BMAXCINCR},FDtNCRl,

ISSTNO(NCR)

C CROPNUC.BLK

COMMON /CROPNUCiCRC.2KA8C

01MEN3tON CRCINCR,MAXPLZKASCINCR,MAW7

C CROPSTAT,SLK

COMMON lCROPSTATEiQVSC, OSSC,ORSC,OVIC, OFSC,TOC,QTlC,CTOTN

OIMEN310N QVSCINCR,MAXPl, OSSCINCR,MAXP1. ORSCINCR,MAKPl

l, OWCWCR,MUPl,aFS WCR,MUPl,TOCINCR,MWP), OnCMCR,MUPl

I, CTOTALINCR + 2, MAXP)

c COMPAR.BLK

COMMON lCOMPAFV2XP.ZKW,ZXR, ZKRS.ZKAO,ZKOE. PSS.PSR,XR,XS.ALPHA

DIMENBION ALPHA(7I

C nMEPAR.BLK

COMMON /TlMEPAfU?T,TSC,T3P, T3L,TSH,TEC,TELTf.TINTM,

I THBEEF,THMlLK,lHPOL,THOTHER,THGL7HHAY

C PLANT.BLK

COMMON FIANT/ ZKG,CR,THICK.RHO, BMAJLBSTART,GnME

DIMENSION CRIMAXPI

C ANIMALF.BLK

c
c

c

c
c

c

c

40

c

c

COMMON IANIMALFI PGRNN,PLEGUME,PHAY

01MEN310N ~WNIMN~,REGUMEIMUP),WAYWHPl

COMMON iRCONTANTSt 212,Z1 6,221 ,Z23,234,Z3,Z43, D,ZS2

OIMEN310N A(NMAXLOlMAXPl,23 fMAXP),Zl 6tMAXP}

01MEN310N OmQMWl,OmLIMMP),DXWUP + 1}

Ctwutu idbyw “72

0M9 idlmvw r@ WcrO$ll .f 1.2 IIIWS3 lo:le:3ew’/

idlmw - klbyw

WRITEI”,*) “CALCULATING flRST CALENO~ YEAR CROP INVENTORIES ‘

sot rrti!imim md mainnm bkmv8 to dunmy vduu. S@ jtdim d8v cantu

t.adwofucidern

BMAX -1.0

SSTART-O.1

nt -- rot, Cretan toZue
2s2-0.0
. *****.*.**.,*** ● ****.**.**.*..* ● .**.. *.+. ***.**● **+*****.. *..** . .
duck TGRDW to - M ucidau occwrod dwina growina _ ITGROWZO1

IF(TGROW.GT.O.ITHEN

tiimn occwmd dwirq growing muon,

xl -0.0

X2 -TGROW

Z12-ZXW

221 -ZKR+ZXRS

DO 20,!= I.NCR

titidim stm. vui~lw

DO 40,J - l,NMAX

A(J)-O.O

CONTINUE

ZKG - ZKGCII)

BMAX-SMAXCNI

BSTART-BICII)

BSNO-SSTANDIII

ALPHAX - ALFNA(U

cdcdst. titrw .lmpad in growim aoam

GTIME - TI-TSC

cdctdata frsctim of fallout to vaawfac9 d soilmrfaa
WRITE(4, “1 ‘CURRENT BIOMASS, PVC AND PUS VAWES FOR CROP ‘J

CALL FAILOUTIFVC.FSC.BSTART,BSNO,GTIME,ZKGALPHAX)
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Afl)-FVC

A(2I - FSC

c nt emantrmianratio vdua

DO SO,J - 1,NM

CRUI = CRCll,Jl

Z161J). ZKABCO.J)

so CONnNUE

cAIL RK4soLvElA,xl ,xZ,NM)

c UV9 rti in mma vahbk matrix, mrwut to wu wci@a

c d fmctimd9p0@itd10da portion
00 SO,J - l,NM

K- U-1]*S

WSCOJ) -All +Kl”FDOl*TVCOl~MNtCOl

CtSSCO,Jl -A(2 +K)

oRscllJ).A13+Kl

flFSC(l,J} - A(4 + K)

QVICO,J) - AIS + Kt”FDO}/BMA%CO)

so CONTINUE

20 CONnNUE

ENDIF

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● **. *.. *.**. *e*** **..** ● .*.*.*.*

C clmck TGROW for mddmt seewm Wet o? aft- omwirw _

iFiTt3ROW.LT.0.0.AND.n .LT.TSCITNEN

c itidize -* vtiti

00 SO,J - 1,NMN

A(J)-O.O

90 CONnNUE

c

c

c

c

c

c

c

c

c

c

c

c

c

M modal to 8tut of growitw wmcm tiru wcathwha, rntssamim

rmmplti md ma uptti rti. cautmu to zwe. 1* 4

m- t4anM wue mt to dunmy vd- of 0.1 d 1.0 at mat of routitn

All Ititid fallout N9un9d to Qe to ad.

A(2) -1.0

Z12-O.O

Z21 -0.0

ZKQ-O.O

xl -0.0

X2 - TSC-Tl

salve tlwn am l!l!l!lll!l!! 111

CALL RK4SOLVELA,X1 ,X2,NMI

did ueidmt ecew tufw till~* ?? If 80 timn dtibuta octivky

.vmIy b.twm MM- wil ISURFI ad root 2MB IROOrn d COmP~.

D1 ud 02 w*dunmyvtiAtb thmpw ths Wtd vd- inttnufu.

wilmdlabik 90ilt0tlN *Outim TlLL. Tfmmd’ nwlbuod *W
m mnrrmd im ttm vuiti SURF n-d ROOTZ.

lFlll.LT.TilTNEN

D1 - A(2)

D2-A(31

CALL nU(SURF,ROO~Ol ,D2)

A(2) - SURF

A(3I - ROO%?

ENDIF

now cdclJm* c— tiornfor afwdtymgivani nitid Wii

irwwttwiw in cmnpuvnenm A(2L A(3) ANO A141. GnME is w to

zero 8inc9 n.am of the srowira — h dmpad.

xl -0.0

X2= TEC-TSC

GnME-O.O

DO 110,I - 1,NCR

DO 116 J-l,NM

OSSCII,J) -A(2 + U-1}*S)

ORSCII,J) -A(3 + U-1 )“S1

QFSCO,J) -A(4 + U-1)*SI

116 CONnNUE

110 CONTINUE

c rout twmmprm “on,wmthwiw - ratupl~ rats cmutmt9

Z21 -ZKRS+ZKR

Z12=ZKW

c ititidim utivity army

DO1l S, I-l,NMAX

All] -0.0

11S CONTINUE

DO 120,1- l, NCR

ZKG-ZKGC(I)

BMAX-BMAXCO)

BSTART - BICII)
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c n! eamvmmim rwio dun d puora d W- wii invummn

DO 130,J - I,NM

CRU1-CRCll.J)

Z16UI-ZXASCII,J)

A12+U-l)”B) -QSSCO,J)

A13 + U-l)”Sl -ORSCfLJ}

A(4 + u-1)*SI -(IFSCII,J)

130 CONTINUE

c SoIv@ tflws S- 111111!111

CAU RX4SOLVEIA,X1 ,XZ.NMI

c uvcrudminm tivuitimti, cauad to Wet Waight

c Utivitypcr!Wti aecamt for Wd’ling

DO 140,J - l,NM

OVSCU.J) - Al! + U-1 )* S)”FOll)*TVCll)/SMAXCfl)

OSSCII,JI -A12+U.11”81

0RSC0,JI-A13 +IJ-11”81

aFsco,J1-A(4 + U.l)”s)

WICO,J) -A(S+ U-ll*81”Ff)OlrllMAXClll

140 CONTINUE

120 CONTfNUE

ENDIF

c ● .** . . . ..*** *.*..* .*. ****.*.****.* . . . . . . . . . . . . . . . . . . . . . . . . .*.,. *.*..**.

Cchcek if”uadsnt-Od 8ffucWlviq— m> lEC)
lFIT1.GE.mcIWEN

C putaWir0inv9rnmy in9ufmwile0nwMm9m d -due TEND

c wtieh is * tirna to 8twt of rnxt Qrowirg _

DO 160,1- l, NCR

asscll,ll-l. o

160 CONTINUE

TENo - 366-n + TSC

ELSE

TENo - 3f?6-TEC + TsC

c++++++++++++++ +++++++++++++++ +++++++++++++++ +++++++++++++++ +.++++

c cduhto totalintogrmsd activity in UW8 fot 1 x

c Far mimal fad tomb {CTOTA I12,J) uul CTOTAL[7,J)I, activity u

c cmvormd back to dry weight and not corr.ctul for trti~m

DO 166,J - l,NM

CTOTMIS.J)-O~(l,J)/{W( ll*~Cll)l + QVICll ,J1/FD{ll

CTOTAM7,JI - CWSC16,J)/lFDf61 *TVC1611 + flVlCi5,JlfRX61

Dxul-oul

16S CONTINUE

00 1S0,1 - l, NCR

DO 106,J - 1,NM

CTOTAIJI,JI -OVSCO,JI + QWC(I,JI

165 CONTINUE

180 CONTINUE

CALl FEEDNT1 ,T2,07V3,QTIL,NM, DX)

WTE[4,1W) IQTIGIJI,J - l,MAXF)

WlUTE(4,20001 (QTILULJ - 1,MAXP)

ENOIF

c ● .*.*.*..******* ● *.+**..**..**** ..**. *. .*.*...** ● .*.******.***.* ● **.*.**

c Cold- cmcmtrmian in wil com aprmwrm to rum growing U- fnr all

C caa. .S9! ratmd~ md root wn.lu rsm cumrmm to two

212-0.0

221 -0.0

ZXG-O.O

xl -0.0

X2 - TWO

C now cdcdac C— raion in 80il Cmpwwlmms to hgirming of mxt ~owti

C w-on & mvo in crap urn vaiabio remix. Fimt, rau tivity mmrix.

DO 21 OJ - l,NMAX

AIII-O.O

210 CONTINUE

c *in loop to Caldmo Wil Cmcmrrtiun = md of y-

DO 220, I-l,NCR

C s i~d invmcoriw

DO 230,J - I,NM

A(2 + U-1}*SI -QSSCXI,JI

A(3 + {J-1)*SI -QRSC(I,J)

A(4 + U-1)*8I -QFSCll,J)

230 CONnNUE

CAfA RX4SOLVEIA,X 1.X2,NM)

c uv* 7- in stmc vui~ mavix

DO 24o,J - I,NM

0SSC0,J)-A12 +IJ-l)*SI

0R3C0,J) -A13 + IJ-l I”SI

OFSCO,J) -A(4 + U-1)*S)
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240 CONnNUE

220 CONnNUE

1000 FORMATUX.”INTEGRATED ANIMAL FEEO (OTIGIGRAIN ACTiWnES’

l/,lx.’onGu) ‘,l PE0.2,1PE9.2,1PE0 .2,1 PE9.21

2000 FORMAT{l X~lNTE(3RATED ANIMAA FEEO (QTIU LEGUME ACTlVYllE9

1/,1X,’QTILUI ‘,1 PE9.2, 1PES.2,1 PE9.2, 1PE%2)

WTURN

ENo
c .**** ****,..**.*.*..******..**.

C ● SUBROUTINE CROPN “
c ● ***.. ***. *.* . . . ..* . . ..*. *...*.

c m 81&0utir9 Cddmn conm-aaiau inuqnfor Nyem’8 puiods

caftu~

c

c

c

c

c

c

c

c

●

●

.

.

.

.

SUBROUTINE CROFN (NM.0nG,QnL,71 ,121

lMPLICIT REAL*S (A-N,C-Zl

GTIME-tiitm M d armvirm nmcm, 9@aqudt0zu00k=n0*b

ChpOd.

NM-nunbu 8fnumbu8h~-

NROK - NUMBER OF COMPARTMENTS TO PASS TO TNE ROK SUBROUTINE

QTWJ} - TOTAA ANIM#J. GRAIN INVENTORY

QTIGU)-lNTEGRATEO WIMAL GRAJN INVENTORY

mm - TOTAL ANIMAl LEGUME INVENTORY

QnLUl - INTEGRATED ANIMAL LEGUME INVENTORY

P~ETER IMAXP-4,NMAX -32.NCR-61

Idemifiemim

Prooran N-: COMIDA

Mdde Name: crom%f Vtion 1.2

0-= l/19133 Tii 10:21:16

C CROPPAR.BLK

COMMON lCROWWC,~GC,BIC,BMtiC, BS~O.~

DIMENSION lVC(NCR),ZKGC(NCR),BIC(NCRl,BMMCINCRl,FoWCRl,

!BSTANO(NCR)

c CROPNUC.BLK

COMMON ICROPNUCICRC,ZKABC

OIMENSION CRCINCR.MAXPI.ZILASCINCR.MAXP)

c cROPSTAT.SLK

COMMON lCROPSTATEIQVSC, OSSC.QRSC,aWC,QFBC,TOC,OnC.CTOT&

OIMENSION OWNCR.MMn.=NCR, MU~,~%NCR,MW

l, OMCINCR,MMPl,OFSC ~CR,MUPl,TOCMCR,MUP),QnCWCR,M-l

I.CTOTALINCR + 2,MAXP)

C COMPAR.SLK

COMMON /COMP~,-,~,=RS, -,~&-.-.m.xs,*A

DlMEf4SON MPNA(71

C nMEPAR.BLK

COMMON mMWM.T%,TW,T%T%>TEC.T&n, nN~.

I ~BEEF,~Ml~W~L~OW~,~~,~HAY

C PLANT.BLK

COMMON IPLANTI 2KG.CR,TNICK,RNO,BMAX,BSTART,GnME

OIMENSION CRIMAXP)

COMMON /RCONTANTS1 Z12,Z1 6,221 .Z23.Z34.Z3.z43 .o,~2

OIMENSION ANMM),0MMn,Z3(MMPl,Zl 61MAxp1

OIMENSION CInG(MAXPl,OnLIMAXPLOXWAxP+ 1)

Chubctw idhew?”72

oti~ idx rwbwt.f 1.2 1/10/63 10:Z1:16W’I

i$heyv$ - idbyw

WRITE{”,”) ‘CALCULATING nTN CALENOER YW cRop’

C wt wnaancw rmo cwuww to zuo

262.0.0

GnME-O.O

c ititidiia stat. vari-

DO 10,J - 1,NMAX

AU) -0.0

10 CONnNUE

C Rdiibmim from tilhoe * pufanned Imfw tho start of grewirw waorh

DO 20, I - 1,NCR

00 30,J-l,NM

01- QSSCII,J)

02- QRSCII.JI

CALL nLLISURF,ROOTZ.01 ,021

OSSCII,JI - SURF

QRSCU,J) - ROOTZ

30 CONnNUE

20 CONnNUE
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C Now calcdmo ca=a’te otiam for d food typo givul itid Mil

C inv.ntotk in eomputmmts A(2), A(3) AND A(4).

c Raat r~m wOdiuifw d rmah mto Comtanm

221 .ZXRS+ZXR

Z12-2XW

xl -0.0

X2 - TEC.TSC

DO 40,1- l,NCR

2xG-2XGCIV

SMAX - BMAXCIII

SSTART-SICOI

c wt eutcanraian rmio vdua md akammon forpmnfmd

c ~egwly invuuwias

DO SOJ - I,NM

CRU) - CRCII,J)

Z16UI-ZXP5C0,J)

Af2 + U-1}*8) -12SSC0,JI

A(3 + U-11*8) -ORSCOJ)

AU+ U-1)*8I -OFSCO,JI

c - WOP intornd invattti to xuo CORRECTION MADE 10/27/92

A(6+U-1)”8)-O.O

so CONTINUE

c SOIV9 U14a awym 1!1!!111!1

CALL RX4SOLVEIA.X1 ,X2.NMI

c wu rwt$ts in 8t8t9 vuicbk m~x. convut to W* w.ighf

c setivkYP @rk4mfJt iOwltfOrw tina
DO 60,J - 1,NM

CIVSCll,Jl -A(l + U-1)”81*FDOI”TVCOIMMAXCO)

(SSCII,J) -A12 + (J-1 )“81

ORSCO,JI -A(3+ (J-l)” SI

OFSCO,JI -AM+ {J-1)*SI

0VIC0,J}-A(6+ fJ-ll*8)”FDllMBMAXClfl

60 CONTINUE

40 CONTINUE

c+++++++++++++++ ++++++++++++++++ ++++++++++++++++ ++++++++++++++++ ++++++++

c ealadow total inwgmt.d tivity in ●- crop typ Lmgin with tired

C grain u!dlagwno fa8dth8t @roeonvutad backtodrywwmdmt

c Cafr.ctad for Wdocmim

00 166,J - l,NM

CTOTAJJS,J) -QVXll,J1/(~lll* NC(lll + f2WC11.JMFD(l)

CTOTAJJ7,J1 - QVSCIS,JIWO(6)’T VC(SI) + (NICfS,J1/FU(6)

DXU)-DUI

166 CONTINUE

DO 1S0,1 - 1,NCR

00 106,J - 1.NM

CTOTAAO,J)-QVSCII,J) + OVICfl,J)

106 CONTINUE

1S0 CONTINUE

CALL FEEONT1 ,T2,0TlG,9TlL,NM,DXl

WRlTEt4, 1000) (QTIGW.J - 1,MAXPI

WWTE{4,20GOI IQTILU).J - 1,MAXP)

c+++++++++++++++ ++++++++++++++++ ++++++++++++++++ ++++++++++++++++ ++++++++

C Cdctdme cmwntr tiom in sail compartmanto to and of ya=.

c set rrnrnflldl and root W* r,ta Cuuwnts to Zaro far

c Cdedatim to d of yam.

212-0.0

221 -0.0

ZXG-O.O

xl -0.0

X2 -386- TEC + TSC

c rmw ealdat* cOmantratiOn in80ilwmpatnunt8 toudofyca and

C H in crop mm vuiabla matrix. first, r- activity matrix.

DO 21O,I - l,NMM

AO}-O.O

210 CONTINUE

C b@n k-p to cdcdsts ●dl G~ Stimawldoty.u

00220, I - 1.NCR

C set initial inv.ntoria

00 230,J - 1.NM

A{2+lJ-ll*sl -12sscll,Jl

A(3 + [J-11*8I -ORSCII,JI

AU+ [J-l )* S)- LIFSCII,J)

230 CONTINUE

CAL RX4SOLVE(A,X1 ,X2,NMI

c uw rntdts in stm. vuiti m-ix

DO 240,J - l,NM

OSSC(I.J) - A(2 + U-1 )*S1
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0RSC0,JI-A13 +U-11*81

QFSCII,JI-A14 +U-l)*SI

240 CONTINUE

220 CONTINUE

.

.-

1000 FORMAT(1 X;INTEGRATED NllMAl FEED W’K31 GRAJN ACTIVITIES’

l/,lx,’t2nGu) “,lPE9.2,1PElf.2,1 PE9.2,1PEs.21

2000 FORMATU X.7 NTEGRATED ANIMAL FEED (anu LEGUME AcnVn7Es

1/,1X,’QTfLUl ‘,1 PE9.2,1 PE9.2, 1PES2,1 PE9.2)

RHURN

END

c ***** *..***********..********.*

C “ SUBROUTINE TILL “
c .*... -*e*..*......*......**.*..

SUBROUTINE TILLISURF,ROOT,D 1,021

IMPLIcIT REAL*8 IA-H,O-21

C * wbroucitn mdimibutrn -W in th 80il ~ dtu

C tillaw.

C 2MS-TOTAL MASS IN SURFACE SOIL COMAPRTMENT M

C 2MR -TOTAA MASS IN ROOT SOIL COMPARTMENT II@

C SR - SURFACE SOIL RATfO

C RR - ROOT SOIL RATIO

C T - TOTAl ACTIVllY

C 01- INITIAL ACTIVflY IN SURFACE SOIL

C 02 -INITIA ACTMTY IN ROOT SOIL
●

. Idwltificmim
● Pmomm Nmnu COMIOA
. Modtde Nutm: tiil.f Vamim 1.2
● OMQ: 1/19/S3 Tinu: 10:2236
●

C COMPAR.WK

COMMON /COMPAR/ZKP,2KW.2XR,2XRS.2XAD,2XOE,PSS,PSR.XR,XSALPf+A

DIMENsION ALPHA(7I

Chuutu idkoyw*72

Duc idkoyw r@{8ttiu.f 1.2 1II S/S3 10:22.36’O’I

idlwyw . idbyw

C CACLflATE TOTAL MASS IN EACH SOIL COMPARTMENT

ZMs - XSPSS

ZMR-XS*PSR

C CALCUIATE MASS SOIL RATfOS

SR-2MS/12MS+2MR)

RR-2MW(2MS+2MR)

T-01+D2

SURF -SR”T

ROOT -RR*T

RETURN

END
c .**** ..******.*+.*.******..**..

C “ SUSROWINE FEEDI “
c ● ****. *... *e* . . . . ..*. *... **ee**

SUBROUTINE FEEDIIT1 ,T2.OTIG,OTIL,NM,OXI

C This dmutim cdcdsta tfw int.amted mimd f-d concmtwiom

c fOrttucurm-lt y-crc@

IMPLICIT REAL*8 !A-H,O-21

c NROK-NUMBER OF COMPARTMWTS TO BE PASSED TO SUBROUTINE RDK
C f2TlGlJl -INTEGRATED ANIMAL GRAJN INVENTORY

c OTILUI - INTEGRATED ANIMAL LEGUME INWNTORY

PARAM~ER (MAXP-4,NCR-6)
●

. Identifimm

. prwwm Nmm: COMIDA

. Modti Nmnw fed.f %mim 1.2

. Octw 1/1S/S3 Time: 10:23:00

.

C CROPSTAT.BLK

COMMON lCROPSTATQQVSC,tlSSC,ORSC,QVlC,QFSC,TOC,QnC,CTOTAl

DIMENSION CWSC(NCR.MAXPLtlSSClNCR,MAXPl,0RSClf4CR.MAXP)

l, OMCINCR.MNP),QF* (N CR,MMPl,7aCWCR,MWPl,0nC~ CR,MWPl

I, CTOTALINCR + 2.MA%PI

c nMEPAR.BLK

COMMON mMW~.TSC,TW,7~. TW,TEC,T&,n.nN~,

I THBEEF,~MILK,WPOL,TNOTHER.THGL.lHHAY

C ANIMA1.F.BLK

COMMON IANIMALFI PGRAIN,PLEGUME,FUAY
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DIMSNSION -NWXP),~EGUMEWNPl,WAYNN~

DIMENSION OIMAXP+ 11.ODX(MAXP+ lI,OIXIMAXP+ 1 LDXIMAXP+ 11,

lTQWNWfiP),mEQUMEIMMPl, QnLW~,Q~GIMNPl

Chauta idk0vw”72

Dato idlww ~~(~)fwdl.f 1.2 1II 0/93 10:23.S)GW’/

idk.yw - idluyw

NROU-NM+l
c ● ***** ***. ***** ***0.. **.. **. ***** *.....

C “ CdctdotC Total l~ti crow “
~ ● *****..***..**********.............*.*

T -366

DO 10,I - l, NCR

DO 20,J - l,NM

t2Ul - CTOTAUI,JI

20 CONTINUE

CALL RDKIT,DX,NRDK,Cl,QDX, OIX)

DO 3G,J - l,NM

ancrl,Jl - Olxu)

TOC(I.JI -TOCII,JI + QTICll,Jl

30 CONTINUE

10 CONTINUE

c Priw Wm C?epa

c ● “*”””*******”*”***”****”**

C* PriOr YOncrOPs ●

c ● **.****.*.................

IF(T2.NE.OJTNEN

c Ioul ormn md ICOUTN imo q mmrix d im~rtio ovu i~rn tirm

DO 40,J - 1,NM

alJ)-PoRAINu)

40 CONTINUE

CALL RDKm2,Dx,NRoK.cl, oDx,Qlxl

DO 60J - I,NM

TGRAINUI - OIXIJ)

(W) - PLEGUMEUI

so CONTINUE

CALL RDKtT2,Dx,NRDK, o,aDx,olx)

DO 70,J - 1,NM

TLEGUMEU) - OIXU)

70 CONTINUE

ELSE

DO 80.J - l,NM

TGRAINU)-O.O

TLEGUMELO -0.0

so CONTINUE

ENDIF

c ● “*****”””””*****”******”*”

C ● Cwr9m Ye4m Crm ●

c +***” ””*******”*””***”****”

C load grain itrum- ime RDK mmrix

00 86,J - 1,NM

12U}- CTOTAL(OA

SS CONTINUE

C douy grti invcmwy for hOkl-up tirna

T-TNGL

CALL RDKIT,DX,NRDIC, Cl,ODX.OIXl

00 WJ - 1,NM

au) - ODXU)

SO CONTINUE

C Now imegram grain immnwtiw fw tinw 71

CALL RDK(T1 ,OX,NRDK,Q,ODX.QIX)

DO 100,J - 1,NM

PGRAINU) - QOXLfl

WIGUl - OIXUI
c sot w Mmix fa I.aunm

(Xl) - CTOTAL(T,JI

100 CONTINUE

C decav IWLMW inwmory for hddtm tinw

T-TNGL

CALL RDK(T,OX,NROK,O. ODX,OIX)

DO 120.J - 1,NM

QI.11-ODXIJI

120 CONTINUE

c New inmgmtc Icgurw invantory for time T1

CALL ROKIT1 ,DX,NROK,t2,0DX,01Xl

00 130,J - 1,NM

PLEGUMEUI-ODXIJ)
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OTILUI-OIXUI

130 CONTINUE

D0140. J-l,NM

QTIWJI -QTIGUI +T(3RA!NI.M

QTILU1-t2TlLlJl +TLEGUMEU)

140 CONTINUE

RETURN

END

c ““*** ”””””**”***”*************”

C “ SUBROUTINE UAW “
c ● **********...*...*....******+*

SUBROUTINE HAY1 ITGROWH,NM,KCUT, OTIH,T1 I

Cxtioutiln eddaalk—ncu—lead? AotIirttN y*th Dywofths

c UcidOnt.

c Vuidu h in HAY1 Bdmtnirm

C NCUTMAX-MAXIMUM NUMBER OF HAY CUTTINGS [31

C GTIME - TIME ELASPED FROM START OF GROWNG SEASON TO ACCIDENT

C K- NuMSER OF HAY CUITINGS REAMINING AFTER ACCIDENT
C KCUT - HAY SEASON OURING WHICH ACCIDENT OCCURREO

C KT - CURRENT HAY CUTING SEASON
C KFLAG -FLAG TO INDICAT WETHER MORE HAY CUTINGS WILL OCCUR AITER THE ACCIDENT

C 12CUTIK,J) - ACTIVTIW CONCNEIRATION IN HAY C~NG K [SOKGI

C OTl+Ul - TOTM ACTIVllY CONCENTRATION IN HAY lSmGl

C NRDK - NUMBER OF COMPARTMENTS NEEDED TO SE PASSED TO ROK SUBROUTINE

C FVH - FRACTION OF FALLOUT TO HAY SURFACE

C FSH - FRACTION OF FALLOUT TO HAY SOIL SURFACE

IMPLICIT R~-8 (A-H,O-ZI

PARAMEKFI (M.JWP-4,NMAX -32, NCUTMAX -3}
+

● Idumficatirm
● Prwrnn Nmm: COMIOA
. Mod* Namw IUY1 .f Version 1.2
● Dmo: 111SM3 Tirrm: 10:24:28
●

C HAYPAR.WK

COMMON MAYPAWZKGH,SIH, BMAXH,NCUT,TCUT

DIMENSION TCUT(O:NCUTMAXI

C HAYN UC.SLK

COMMON MAYNUCICRH,ZKASH

OIMENSION CRHIMAXPI.ZKASH(MAKPI

C TIMEPAR.BLK

COMMON ITIMEPAIU’17.TSC,TSP,TSL.TSH,TEC.TEL.TLTINTM,

I THSEEF,TNMILK,THPOL, THOTHER.THGL,THHAY

C COMPAR.BLK

COMMON /COMPAR/ZKP,ZKW, ZKR,ZKRS,ZKAO,ZKDE, FSS,PSR,XR,XS,ALPHA

DIMENSION ALPHA(7I

C HAYSTATE.BLX

COMMON MAYflATWQVW,Q=, ~W,QMH,QF~

OIMENSION QVW(M-),OSWNmPl, ORWN~,QWHNM~

l,(lFSH(MAXP)

C PUNT.8LK

COMMON r?lANTl ZKG,CR,THICK,RHO,SMAX,SSTART,GTIME

OIMENSION CR(MAXP1

C ANIMALF.SLK

COMMON /ANIMALF/ PGRAJN,PLEGUME,PHAY

DIMENSION PGRAINIMAXPI,PLEGUMEIMAXPLPHAYIMAXPI

COMMON IRCONTANTSI Z1 2,Z16,Z21.Z23,Z34,Z3,Z43,D,Z62

DIMENSION QW(M-l,QnHIMmPl, OCWNCWMU,MMP}

DIMENSION A(NMAXLO(MAXPI,Z31MAXPI,Z1 61MAXPI

DIMENSION QIMAXP + lI,QDXIMAXP+ lI,OIX(MAXP + lI,DXIMAXP + 11

Chamcwt idkavw”72

Data idkoyw rfxmhwt .f 1.21/19/S3 10:24 :ZBW’I

idkayw - idkerw

C sat __ ram .ametmt to 2-0 ud runriring Pumwt- to

c givm vdua

262-0.0

WRITE(”,”) ‘Calculating flRST CALENOER YEAR HAY INVENTORIES “

NRDK -NM+ 1

BMAX-BMAKH

BsTART-BIH

TCUTIO) - TSH

KFLAG -O

Z12-ZKW

221- ZKR + ZKRS

ZKG - ZKGH

ALPHAX-ALPHA161

DO 10,J = l,NM
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CRIJI - CRIW

ZIWJ)-ZKASHLJ)

QTHU)-O.O

DXU)-DU)

DO 20,1- 1,NCUTMAX

QCUTO,J) -0.0

20 CONTINUE

10 CONTINUE

0040,J - 1,NMAK

AUI-O.O

40 CONTINUE

c . . . . . . . . . ..0 . . . . . . . . . ● a*.*.****..******.***************** ● .****.**.****

C cfmck TQRDWH tornif ucldWt Ocamdduine erOwil’wnmOn ITGRDWH >01

lFfTGRDWWtJT.O.)TNEN

c bccidant ocewwd duim ~owi~ w- TGRH. tima mm&’ino in

c cwmntluya 0pbd0?h4N08t

xl -0.0

X2 - TGROW1’1

c edadsto gmwina tirm ehspd in etmmnt M crap

OTIME -TI.TCUWKCUT-1 1

c Cdadaw fallout frutiom w on CLnan bi-

C ca ifdtid inwntwiw in emwmmatw fraction to V- Iufba IFW’U

c in A(l I @id fraction to coil auf= (Fsl+) to A(2I

CALL FWOW(W.FW,S=MT,BMti, GnME,~G,HU}

A(l)-FVH

A(2) - FSH

c Salvo tfmw Wys Illllllllu

CALL RK4SDLVEIA.X 1,xZ.NM)

c saw C* in stat- vwiabla mwix ud ROK docav mswix

c Cawa’t ta SqA14 dry W+ht

00 60,J - l,NM

QVSNU) - A(I + (J-11 “WTJMAKH

c rewt Wu9 uflvity to mm

All + U-I) WI-O.O

QVIHiJ1-A(6+ U-ll”SIMMAXH

c moot intarnd -i to xcro

AIS+U-11*611-O.O

OCUTIKCUT,J) -12VSHUI + @lHUl

OSSHUI-A(2+U-11*8)

ORSHUI -A(3 + (J-l)-S)

OUI - OCUT(KCUT,JI

SO CONTfNUE

c Aaign vdia to KFLAQ. KRAG b -s if mom fuv _

c u*tOtaka plaWbcfOrthB end OftfNyeu

lFfKCUTJ.T.NCIJTWHEN

KFLAG -1

c Douv QCUT d of Wowil-la NaOn
T - TCUTINCUTPTCUT(KCUTI

CALL RDKll,0X.NRDK,t2.DOX, DtXl

WRfTEl”,”) ‘OECAYfNG RRST YEAA HAY AHER ACCIDENT’

00 SO, J- I,NM

12CUTIKCUT,JI - 12DX(JI

60 CONTfNUE

ELSE

KFLAG--1

ENDIF

MMITEI4,1OOO) KCUT,IOVSH(JLJ - l,MAXPL(OSSHUI,J - l, MAXPL

1 @RSHU1.J - 1,MMPLK2VlHULJ - 1,MAXP),I12CUTIKCU,JLJ = 1,MAXPI

ENDIF

c . . ..*. ***** **.** .**** .*....*,*** .*. ************* ● **.***********.*

c Campmo n d TSH fofbccidam-mm Mom w dtu growing smmn

C mdKFLAG if Hcidmtocmmoddwirw lam fvvcuttina FAodof Yu.

lFfKMG.6T.O.OR.Tl.LT.TSN)THEfd

c if TGROWI is - thm O than MI modd to mart of growing -~.

IFITGRDVW.LT.O.ITHEN

c edadat. fallout fractiwm bread on mitimun tiwn~

TIME -O.O

CALL FWO~[~,FW,BSTMT,BMM,nME, ~G,~WN)

Alll-f%l’l

A(2I - FSN

c Nt OrOwUI r~ mrutmt and foliu ~ian mm comtanm

c to zaro for edadtion to mart of growing m-on

0070, J - I,NM

Z161J)-O.O
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70

c

c

so

c

c

c

c

c

c

c

c

c

c

c

CCM?MJE
ZKG-O.O
xl -0.0

x2 - TsH-n

SdVo mow gum Iltlllllllllllll

CALL RK4SOLVEIA,X1 ,X2,NM)

rant growth rti cmumf u-id toll= ~ ram eolwtntm

ZKG - ZKGH

DO SO, J-l,NM

z16u)-mHIJ)

CONTINUE

ENDIF

rmw ddcm wnccntruiora in hcy uop for NCUT-KCUT nunbu of timu

GTIMEbsct tezwesioca noarowin8 tire. foroaehlwormvins@~

b dm.

K- NCUT-KCUT

KT-KCUT+l

GTIME-O.O

00 100,I-1,K

110

c

116

xl -0.0

X2 - TCUTfKT1-TCUTIKT-l 1

Sdv9 * guy, 11111!1!111111!1

CALL RK4SOLVEIA,X1 .x2#fW1
DO 1104 -1,NM

h swfkid eompamnt ot hay irwutmry m OVSH

QVSHUI -All + U-l)”81@.MAXH

Ram suficial inv.fttwy an hay to ZUO: uw inured

eampon.nt of )uY imwntory.

A(l +U-l I”SI-O.O

WfHUl -A16+ U-l I* WBMAXH

13wet *i inventwy IN I-WV to ZNO md uvo ad- ud Itila

●oil irwwttq

A(6 + U-ll”e)-o.o

QSSHU)-A12+U-1)”8)

tlR6HU1-A13 +U-11°81

awn inwrnd and swfieid hay immntory

t3cUTlKT,Jl - QV6HIJI + QVIHUl

WI RDK duay mti mud to CiCUT

t2U) - QCUTIKT,JI

CONTINUE

Du9Ycum’tt1’N Ycwtdmt04ef M—

lFIKT.LT.NCUTITHEN

T- TCUTINCUTl-TCUTIKTl

CALL RDKIT.DX,NROK,Q, ODX.OIX1

00116, J-l,NM

OCUTKT,JI- Ooxul
CONTINUE

ENDIF

WRITE14, 1000) KT,(QVSNUl# - 1,MAXPLfOSSHULJ - 1,MAXPL

I (ORSHULJ - 1,MAXP),(QVIHU),J - 1.MAXPLIQC~lKTAJ - 1.MAKPI

KT-KT+l

100 CONTINUE

ENOIF

c .. *..****.****.* ● ****.*.....**.* ● . . . ..**.. **...** .***.. *.******** ● .***

c SeOifueidmt oecumd aftw orowirto _

lFlll.GE.TCUTWCUTl)THEN

c put wtim invm’ttwy in .u-fm soil computmau d .44*c TEND

c Wkhrnthstimtot idof thyu

A(2) -1.0

TEND -3 S6-TI

ELSE

c

130

c
c

120

c

calculaw conearm.tion in IUY from dl cuttire9

00 120, J-l,NM

DO 130.1- l,NCUT

QTHLO -QTHIJI + OCUTO.JI

cONTINUE

cam- W-W hq irnwnmrv for NCUT wttine. %tqI Q mbuix
fex irnqwtim tiWI ttm RDK m.broutirm

Olwu)-clTHu)mcm

QU)-OTHIJI

CONllNUE

VURITE{4, 1600} IQTH IJI.J - 1,NMI

&e8v tuy it-ivanrory fw hOld.W tirtw

T -THHAY

CALL RDKIT,DX,NRDK,QJ20X, QIXI

DO 136.J - l,NM
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Qu)-ooxul
136 CONTINUE

c int.grate hay cowmntrmim for ttima 11 ad - kwantary

c in PHAY

CALL ROKIT1 ,DX,NRDK,O,CIOX, OIX1

00 140,J - 1.NM

anHIJt -~xu)

PHAYIJI-ODXU)

140 CONTINUE

TENO - 38S-TCUTINCUTl

ENOIF

c Addto TEND, ifwtinntotlmstutc4 -natrowina—

TEND -TENO +TS+I

c Cdadma cmlWnt7 miarm in d eamqrtnwna to bqil’mil-llJ of Iuxt growing

C nmfacdl - Smfdi_bdsOr@m mdr0at4n* rstaea--t-te

c Zarofor ddmim tod ofyeu.
ZXG-O.O

DO lSO.J - l,NM

Z16(JI-O.O

1S0 CONTINUE

xl -0.0

x2-TEND

C now cdadma mrwvntrmion in wil wmputmmts tekgiringofmxt

c orOwifW =ca d s4v* in IWY 9t8t9 vui- mawix.

CML RK4SOLVE(AX1 ,X2,NM)
c UV* realm in stmc vuiti matrix

DO 200,J - 1,NM

QSSHU) -A12 + IJ-1)”81

aRsHtJ1-A13 +lJ-11”81

OFSH(J) -A(4+U-l I”S1

200 CONTINUE

WRITE(4,20001 ((LSSHUI,J - 1,MN(PI, [ORSH IJLJ - 1,MAXPI,

I IQFSHULJ - l,MAXPI,IQTIH(J),J - 1,MAXP)

1000 FORMATIIX,I1,’UI HAY CUTTING FOR nTH YEAR. HAY INVENTORY IQCUTI OE

ICAYED TO END OF SEASON’

1/,1 X,’QVSM U) BO/XG ‘,1 PE9.2,1PE9.2,1PED.2,1 PE9.2

1/,1 X.’9SSN U} Bo/M2 ‘,l PEU.2,1PE9.2,1 PE9.2,1PE9.2

1/,1 X,’0R3H {J] BO/M2 ‘,1 PE9.2,1PE9.2,1 PE9.2,1PES.2

1/,1 X,’QVIH [J] BOiXG ‘,1 PE9.2,1PE9.2,1 PE9.2.1PE9.2

1/,1 X,’12C~ U) BOfKG ‘,l PED.2,1PE9.2,1 PE9.2,1PE9.2)

1600 FORMAT[l X,’9TH lJf’,l X,l PE9.2,1PELf.2,1 PE!3.2,1PE9.2,1 X,’lTotd tuy cane ●

ICC+K at md of growina n-an B@@’]

2000 FORMATIIX,’SOIL INVENTORIES ANO ONE YEAR INTEGRATED HAY ‘

l/.l X,’QSSH U) BO/M2 ‘,1 PE9.2,1PE9.2.1PE9 .2,1 PE9.2

1/,1 X, YJRSH U) B(lfW2 ‘,1 PE9.2,1PE9.2,1PE9 .2 C1PE9.2

1/,1 X,’CLFIH U) SO/M2 “,1 PE9.2,1PE9.2,1PE9 .2,1 PES.2

U,lX,’QTIH U) BO-OiXG ‘,1 PE9.2.1PE9.2,1PE9 .2,1 PE9.2)

RETURN

ENo
c ..00 . . . . . . . . . . . . . . . . . . ..0......

C “ SUBROUTINE HAYN “

c ● +*”***”***””******””**”******’

SUBROUTINE HAYNINM,OTIH,Tl ,T21

C Thi9 aubrmxirn cdcdam tfm activity inveatwy in IUY for n Yom

c &a tfn Ucidenl

C KT - CURRENT HAY CUTING SEASON

C CICUTIK,J) -ACTIVll_Y CONCNITRATION IN HAY CUTTING K lBCblCG)

C OTH(JI - TOTAl ACTIVITY CONCENTRATION IN HAY fSWXGl

C NROK -NUMBER OF COMPARTMENTS TO SE PASSED TO THE ROK SUBROUTINE

IMPLICIT REAL*8 IA-H,O-ZI

PARAMETER IMAXP -4, NMAX-32,NCUTMAX -3)
●

. Idmtification

. Pmgrm Nama: COMIDA
● Mcdule N-: hwn.f Vemim 1.2
. Dmw 1/19/S3 Time: 10:26:30
●

C HAYPAR.BLK

COMMON /HAYPAR/ZKGH,BIH, BMAXH,NCLfT,TCUT

OIMENSION TCUT(O:NCUTMAXI

C HAYNUC.BLK

COMMON MAYN UC/CRN,ZKABH

DIMENSION CRH IMAXPI,ZKABHIMAXPI
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C TIM EPAR.BLK
COMMON mM&W,TX,T9,7%TW,7EC.T& n,nNW,

I THBEEF,THMILK,THPOL,THOTHER,THGL.THHAY

C COMPAR.SLK

COMMON /COMPAFUZKP,3KW, ZKR.ZKRS,ZXAD,ZKDE,PSS,PSR.XR,XS,AlPHA

DIMENSION ALPHA(7)

C HAYSTATE.BLK

COMMON MAY=ATUQW,O=.~W, OWH,OF-

OIMENSION Q~(M_l,OSWWti~._ W_Pt,QWHWU~

I, QFSH(MAXP)

C FL4NT.BLK

COMMON JPLAWl ZKG,CR,THICK,RHO,BMAX.BSTART,GllME

DIMENSION CRIMAXFI

C ANIMALF.BLK

COMMON /ANIMUF/ PGRAJN,PLEOlfME.PHAY

DIMENSION PG~NIM~Pl,REGUMEW~,WAYMU~

COMMON iRCONTANIS/ 212.Z1 6,221 ,Z23,Z34,Z3.Z43,D,Z62

DIMENSION A(NMAXLD(MAXPLZ3 (MNWLZ1 6(MAXPl

DIMENSION O~HWNP),QWIM_), OC~~C-M,M-),~AYWM~

DIMENSION QIMAJW+ lI,QOXIMAXP + 1). OIXIMAXP+ l),DX(MAXP+ 1)

Chuutw idkqw*72

oms idbYw r@t8)tiymf 1.2 1/1 9/63 1026:30W’/

idkevw - idkayw

wWTEI*,’) ‘CALCULATING nTH CA1.ENOER YEM HAY INVENTORIES ‘

C initialim aebvii matrix and nt -_ rat. comtmt to zare
262-0.0

NRDK -NM+ 1

00 10,J - l,NMAX

A(J) -0.0

10 CONTINUE

C sot ititid md mmimun bionua and @rawlh rata cnrntmt

C a TCUTIOI cqud to UN -- of h tuy wowttw _

BMAX-BMAKH

BSTART - alH

TCUTIO) -TSH

ZIZ-ZKW

221 -ZKR+ZXRS

ZKG-ZKGH

C Wt initial invantoria, eonmntr Mioll fut0t8, and feliu abmrptien

C raw cwmuttm

00 20,J - l,NM

A(2 + U-11*8) -QSSHU)

A13+u-1)*8)-ORSHU)

A14+u.1]*8) -QFsH(JI

CR(JI - CRHUI

Z16U)-ZKASHU)

Olwul -0.0

OXIJ)-DU)

DO 30,1- 1,NCUTMAX

OCUTILJ)-O.O

30 CONTINUE

ZO CONTINUE

c nowCdcdsw concwtroticim inIW C?OPfor NCIJT numbu oftima

c GTIMEia titozw08incw nermof.uh haygrowing naontim.lucdqmd

GTIME-O.O

KT-1

DO 100,I - l,NCUT

xl -0.0

X2 - TcuTIKTI-TCUTIKT-1 )

c SOIV* th409 gm 111!!11!11!!11!1

cAfJ. RK4SOLVEIA.XI ,X2,NMI

DO 110,J-1,NM

OVSH(J} - A(I + (J-1 )“WSMAXH

c - ocdvity inwntwy ON tuv to zore

A[l+IJ-l)*S)-O.O

OVIHIJ) - AIS + (J-1 }*8b’BMAXH

c rewt tivity inventory IN hq to zuo

A(6+U-11*81-O.O

QSSHU) - A(2I

ORSHIJ}-A(31

c - total inv.nt~ d nt .qIMI to ROK ~ m-

CICUTtKT,Jl - 13VSHUI + CWIHU)

OU)-OCUTIKT,J)

110 CONTINUE

c deeq oCUT to and of hay growi~ sam

IFIKT.LT.NCUTWHEN
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T -TCVTiNCUTkTCVT(KT1

CALL RDKIT,DX,NRDK,O.ODX. OIXI

DO 116, J-l,NM

QCUTKT,JI - ODXUI

116 CONTINUE

ENOIF

WRITE14, 1000) KT,IOVSH(JLJ - 1,MAXP),IQSSHULJ - 1,MAXPL

! 10R61’lUl.J - 1,MAXP),@AHIJLJ - 1,MAXPLIQCUT(KTrJl,J - 1,MAXPI

KT-KT+l

100 CONTINUE

c— dofhxv Calexmrxtiml Cdc@xtiau

C NewxunxutI hxvcr6e inthovtiabl@ 12TH

00 12G, J-l,NM

00 13GJ - 1,NCUT

QTHU1-LITHLJ) +CICUTll,Jl

130 CONTINUE

c mmlwfuY invxnttwYwithnwnbu OfcUltilW mdutarnxbix fOrdxcxv CdaAxtim

OTHU)-OTWWT’4CUT

120 CONTINUE

WRITE(4, 16001 (OTHULJ - 1,NM)

c+++++++++++++++ ++++++++++++++++ +++++++++++++++

C Intxgrao @or yxarx hxy invxtuoty

IFIT2.GT.OJTHEN

00 140,J - 1.NM

Q(JI - PHAYIJI

140 CONTINUE

CALL RDKK2,DX,NROK.Q.QDX,OIX)

DO 16G,J - 1,NM

TNAY(J)-DIXIJ)

lW CONTINUE

ENOIF

c OU.XYM-Y*WW —Xtim for Iwid-W tilnx

DO 1~, J-l,NM

ou)-aTHfJl

180 CONTINUE

T - TNHAY

CALL RDKIT,OX,NROK,O,ODX, OIX)

DO 170.J - I.NM

W} - ODX(JI

170 CONTINUE

c intxgrxtc Iwy cOrlCuIw xtimfor mtimx Timdxxvxinvxntwy

c in PHAY

CALL RDK(’T1 ,OX,NRDK,Q,ODX, CXX)

DO 176.J - I,NM

OTIHU)-OIXU1

PHAYU) - DDXUI

176 CONTINUE

c Cxldxtx totxl integrxtxd inventory

00 180,J - 1,NM

OTIHU)-QTIHU}+lWAyU)

1S0 CONTfNUE

c+++++++++++++++ +++++++++*++++++ ++++++++++++++++ +++++

c Cdcldxla Wnealtrxtioln in Wil emnpuunxnu to bogiiofnxxt

c hsy Ormvirq —. %t mot -*s xnd f- abotptim Ixh cuwtmtx

c to x-e.

TEND - 366-TCUTINCLJTI + TSN

ZKG -0.0

DO 186, J-l,NM

Z161JI-O.O

186 CONTINUE

xl -0.0

X2-TENO

c now Cxldato Concantr xtim in xail computmxmx to bagitirq of nut gw.wiW

C -non uxf Xav9 valvm in hxy mxte vaidx msttix.

CALL RK46DLVE(A,X1 ,xZ,NM}

C UVX dm in xlstc vwiahlx mmnx
DO 200,J - 1,NM

W33HLft-A(2+ U-1)*8I

ORSHU) -A(3+ IJ-11”131

QFSH(J) -A14 + U-11*B)

200 CONTINUE

VW71TE[4,2GGO) IQS6HU),J - 1,MAXP),IQR3HU),J - 1,MAXPI,

I IQFS+IIJLJ - 1,MAXPLICITIH(JI,J - 1,MAXP)

1000 FoRMAT(1 X,1 1,’th HAY CUlllNQ FOR nTN YEAR. HAY lNV~DRY IQCUTI DEC

!AYED TO END SEASON’
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.
!

1/,1X,’avsl+u) ‘,l PES.2,1PE9.2,1PE9 .2,1 PE9.2

l/,lx,’assH u) ‘,l PES.2,1PE9.2.1 PE9.2.1PE9.2

1/,1 X,”OR3H IJl ‘,1 PE9.2, 1PE9.2.1 PEo.2,1 PE9.2

1/,1 X;OVIH U] ‘,1 PE9.2.1 PE9.2, 1PE9.2,1 PES.2

l/,lx,’clcuT u) ‘,l PEe.2,1PE9.2,1PE9 .2,1 PE9.2,1x.”ldOeaWd to u!

u of WUOl-11’)

1600 PDRMATI1 X.’QTN U)’, 1X,1 PE9.2. 1PE9.2,1 PES.2,1 PEO.2, 1X,”fhw eanc s

It cnd of erowiw _ with w duay for hold-q dnw)’1

2000 PORMATI1 X,’SOIL INVENTORIES ANO ONE Y- INTEGRATED HAY ‘

U,lx.’txsl+ (JI ‘.1 PES.2, 1PE9.2, 1PES.2, 1PEO.2

1/,1X,’C2RSH u) ‘,1 PE9.2, 1PE9.2,1 PEs.2, 1PE9.2

1/, 1X,’aFIH U) ‘,1 PES.2,1 PEO.2,1 PES.2,1 PED.2

l/,lx,’anH u) ‘.1 PE9.2,1 PE9.2, 1PEQ.2,1 PE9.2)

c

c

RHURN

ENo

c +**** ***”***”*”************”””*

C ● SUBROUTINE PASTURE1 ●

c ..**.. ***. ***** . . . . . . . . . . . . . . . .

sUBROLMNE PASTURE1 ~GR-.NM,QmP,~=,~P,Q~S

c Tf’i8 tiouim Cdadat- ttm c~ Stwninp mlwofarthfim

C 366 dqm fdlowb tlm ucid,nt.

IMPLICIT REAL*8 lA-H,O-Zl

c GTIME -TIME EIAsPED FROM sTART OF QROWING SEASDN

c OSTIPU) - SHORT TERM INTEGRATED PASTURE ACTiVITY (kludirq will fSQ.D/XG)

PARAMETER IMAXP-4,NMAX -32)
●

. Idmtificatim

. Prowan Nune: COMIOA
● Moduh N- p-cl J Version 1.2
● Oaw 1/1S/63 Tirna 10:27:26
●

c PASTPAR.BLX

COMMON /PASTPMCZXGP,BlP,6MAXP,2SEN

c PASTNUC.BLX

COMMON /PASTNUC/CRP,ZlL4BP

DIMENSION CRPIMAXP),~PIMAXPl

C PAST!YfAT.SLX

COMMON @A=SATUOV9,0SS, ~S,QWP.QF9

DIMENSION QWN-l.QSSIMMPl,~SW~l, QWPWM~

l, f2FSP(MAXP)

C COMPAR.BLK

COMMON /COMPARIZXP,ZXW, ZXR,DLRS,Z)LAD.ZXDE.PSS,PSR,XR,XS.ALPHA

DIMENSION MPHA{7)

c mMEPAR.BLx

COMMON /TfMEPAR/lT,TSC,T6?,TSLTSH,TEC,TEL,Tl,TlNTM,

I WBEEF,~MIU.~POL,~ OW~,~GL~HAY

C PLANT.BLX

COMMON /PLMT/ ZXG,CR,TNICK,RHO,BMAX,BSTART,GTIME

DIMENSION CRIMAXPI

COMMON MCONTANTS/ 21 2, Z16,Z21.Z23,Z34, Z3,Z43,D,Z62

DIMENSION AWMMl,DWMPl,Z3W~Pl,Z16 Wti~

l, OmPIMtiP),~~[M-l. O~P(M-P),OSmS(MWl

Chusaat idkmYw”72

Dtia idbyw rw)ptiel .f 1.2 1/1S/S3 10:27 :2BW’I

WwYw - idkeyw

b%RfTEl”,*) ‘CALCULATING RRST YEAR PASTURE AND SOIL INVENTORIES ‘

C iritkliic .tsto vuiabla

DO 10,J - l,NMAX

AW-O.O

10 CONTINUE

C Sctinidd vduaforwcmtwinpmdr ~on ram eomtalm a-d

c eoncmtrtim rtio vdun and dplu vduo to ALPNAf71.

Z62. ZSEN

DO 20,J - 1.NM

CR(J) - CRPLU

20 CONTINUE

xl -0.0

Z12-ZXW

Z21-ZXR+ZXRS

BMAX-BMAXP

BSTART - BIP

ALFNAX-ALPHA(71

. **.**.*****.* .* . *****..*..* . *.***..**.**. ● ☛☛☛☛✎✎✎☛

“ CASE 1: Accident Oecwrrd Owirq Growk .%mon “
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c ● md 6of0m GraiW 6am0n ●

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

lF~GR-.GT.OMD.mlT.T~~~

ZXQ - ZXGP

262-0.0

c Cddaw tiwn da in Srowirq WmOll

GTIME-TI-TSP

c Caiedota fdlOuI fmctianl

CALL FUOWIW,F=,S~~,BM~,GmME~G,~~I

A(l)-FVP

A(2) - FSP

c Nt folk aborption rme Colntmlm

00 30,J - 1.Nhl

Z16U)-ZXASPIJ)

30 CONTINUE

c Cddatm Cawala miOnempatuO tOthO-eftfw araing —

x28. 7sL-n

CALL RX4SOLVEIA,X1 ,X2mNM)

c act X2b to tlw dwatien et tho Ilvatock wuino _

c d * iwmad vagastian comgammm.

X2b - TEL-T3L

12TIME- X2a

00 SO,J - I,NM

A(6+ U-1)*8 I -0.0

A(8 + U-llg81 -0.0

60 CONTINUE

c cddm dwrt turn intagrmad p~ cmcmu aim Md Iiiostock

c nmm panm eonuntretion

CAL SNORT(NM,A,aSTIP, @3TlS)

CALL RX4SOLVEIA.X1 ,X2b,NMl

c S9tw p~ raadt9 h imcgrtiad 8tat* vniablc c0mp4rmmt8

00 SO.J - l,NM

anpu)-~(a + U.l)”SI +A(S + U-1)*8)}

80 CONTINUE

c Rtm modd f- tlw non.grmviw -man. Only root qalw d folim

c -~ r-. COmtmts U9 sot to mro 8i91c9 wasthcnng md
c -wmdrn cm occur You ramd.

ZKe ..0.0

Z62-ZSEN

00 00,J - 1,NM

Z16U)-O.O

so CONTINUE

X2C - 366-TEL+ TSP

CALL RX4SOLVE(A,X1 ,X2C,NMI

c“ Wmmaddf ranfhtiuto ftfmgrowiq — to f.kmdofttw

c uci.dmn yaw. .%VO ●oil imvantarin in mm VMM mmrix. Su

c ZSENtOxOrO md-mOddOriyif X2 hs~tizcro

2s2 -0.0

00 100,J - 1,NM

ZISIJI-ZKA6PU)

100 CONTINUE

ZXG - ZKOP

GTIME-O.O

x2- n-7sp

IF(X2.GT.O.)TNEN

CALL RX4SOLVEIA,X1 ,X2.NM)

ENOIF

c - intagrmd soil mmdm

00 11 O,J-1,NM

CilPSU1-A(7 + U-ll”S)/fPSS”XSl

110 CONTINUE

ENOIF

c . . . . . . . . . . . . . . . . . ● *.. ** . . . . . ...** . ..*..*.*...**.* . .

c ● CASE 2: kcidcnt Occud OurinO Gmzifw Sauon *

c ● * . * . *.*.**..* . . . . . . . . . . . . . . ● .*.****.****. . . . . . . . . .

lFi_fGROWP.GT.O .ANO.Tl.GE.TSL)TN EN

ZXG - ZXGP

2s2.0.0

c edculsta time dmpd in grwinE N-

GTIME-TI-TSP

c Cdcular* fallmn frsctkrm

CALL FUOW{M,FS,B=MT, SMM.GmM&~G,-~1

AI1)-WP

A(21 - FSP



c swt fdiu abmrption rate eawtmh

DO 120,J - l,f4hf

27 SW - ZXASPfJ)

120 CONTfNUE

c SBtxzata ttmrcme ofttmlivatock w*—

x2a.TEL-n

c ddste dmrl turn mmd pmtlD9 Cmcuw adott d Uvataek

c — Patue Cmutlvatiot’1

CALL SNORTINM,A.CWTIP, QSTISI

CALL RK4SOLVE(A,X1 ,X2 S,NM)

c uva Putue radm m tfw int.aratd 8tm4 vuiabfa tn88ix

c P-e v% vd- UC rohm-md h dts al Sq-DI%4

DO 140,J-l,NM

anpu)-~m + U-11”8)+AIS+ U-1)*8})

140 CONTINUE

c Rtm modd for th rwn.growitw w-

~G-O.O

ZS2-ZSEN

DO 1SO,J - l.Nhi

Z16UI-O.O

1s0 CONTINUE

X2b - 36S-TEL + TSP

CALL RK4SOLVE(A,X1 ,X2b,NM)

c Rmmodai fromthc 8tutofttmamvtm _ tothcctut ofti

c m Iivutoek 80-

2s2-0.0

GTIME-O.O

00 180,J - 1,NM

Z161JI-ZKABPU)

160 CONTfNIJE

ZKG = ZKGP

X2C = TSL-TSP

CAM. RK4SOLVEIA.X1 ,X2C,NM}

c rewt Intcgrmad patuo camputnwnm

00 170. J-l,NM

AI13+ U-l)* S)-O.O

AIS + (J-11 *8)-O.O

170 CONTINUE

c Rtmmadal fromtfw 8ttiofcfmfivatock H totfud

c Of tfu 0e6dWt y-d M rm. Pafaml intogratim
c * tf x2 m grm’tw tfun Zuo.

. . x2 -n-7sL

=’ ( GTIME-X2C

IFM2.GT.OJTHEN

CALL RK4SOLVEIA.X1 ,xZ,NM)

ENOIF

c kint90rtiad 80ifmdpatu9raMs ‘

00 lSO.J-l,NM

OIPSIJI -Af7 + IJ-l)”SWPSS”XSI

anpu) -anpu)+ IAVJ+ u-11*131 +A18 +u.11*811

180 CONTINUE

ENOIF

c . **. *.*** ***.*..* ● *.*..*.**.*.**. ● .**e**. ********0*** ● ****

c “ CASE 3: Accidm O- S.far. or AfmI Gwwiru ~ +

c ● .***.**...***** ● *..***...****.* ● *****.****.***. ● **.*****.

lFiTGROVVP.LE.O.OITNEN

c cdcdme fallout frwtion bad on miritnun bintnm awf no orowth

GTfME-O.O

CALL FWOW(M,F*,S=MT.BMM, GmME,~G.WMl

A(l I-FVP

A(2) - FSP

c Canputo tin’w w M modal dwina rmn.gwwing Naan

IF(TI.GE.TELITNEN

Xza - 3as-n + TSP

ELSE

x2* - Tsp-n

ENDIF

c m madd to 9tti of growiw naon nttirw root Wtti md

c fdiw adsowtion rat- COmtutt to mm.

00 200,J - 1,NM

Z16(J)-O.O

200 CONTINUE

ZKG-O.O

c SdVe thcu gllvm 1111111!1!111111

CALL RK4SOLVEIA,X1 ,x2a,NMl
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c now Cdadti concatrstiom in patu. to t!u .twt d Iivutwdt

c grazing — sivon tlw kutid .OiI invmtaia in cornpubn.na

c A{2L A(3I AND AU). GTIME m kam at zuo m nona of tht wowiq

c =- ha dnpod

ZKG - ZKGF

2s2 -0.0

DO 21 O,J-1,NM

Z16U)-ZKASPU)

210 CDNTINUE

X2b - T8L-TSP

CALL RK480LVEl&Xl ,X2b,NMl

c now dad- tot invantork d intwucd unowm fat * Iivwtock

c wdrq _ RaOa tin inuoramd vqwtatim cmnputmmta to zcre

c Wthcnoingation hamtakmnplaw andciTIME teWmvmforpamwo

GTIME-X2b

X2c - TEL-T!%

00 220,J - 1.NM

Al@ + U-11*8) -0.0

A(8 + U-1)*SI -0.0

220 CONTINUE

CALL SNORTINM,kQ~P,QSTISl

CML RK4SOLVEIA,X1 ,X2C,NM)

c smw inmgrmad pamwa ramdm h maw vniabh mbwix

00 2S0,J - l,NM

anpu}- (Ale+ U-1)*S) + A(8+ {J-l )* S))

2S0 CONTINUE

c Rtm modd for tlw runting tiww in * cceulom WU Nttil-la Erowth

c rat* cantmt md fdiu duarpti.an r~ta cm-ntmm to zwo md am rate

c eomtam to givan vdtm

X2 - 38 S-(X2S + X2b + X2C)

ZKG-O.O

2s2 - ZSEN

00 2S0,J - l,NM

Z16U)-O.O

2S0 CONTINUE

c Pufonn intqmtim ordy if X2 b groau rhm x-o

lFfx2.GT.o.)TNEN

CALL RX4SOLVE(A,X1 ,xZ,NM)

ENDIF

c WVQ ttn htotyatcd wil rti

00270, J - I,NM

OIPSUI-A(7 + U-l)”Sl/IFSS”XSl

270 CONTINUE

ENDIF

C save kwwtaria in pa8twa mm. vwiobla

00280, J-l, NM

t2VSPU) -A(l+U.1)”81

OSSPUI-A12+U-l)*S)

0RSPUI-A13+U-l I*S)

OFSPIJ)-A(4 + LJ-l)*S)

OVIPLJ)-A(S +(J-ll”Sl

2S0 CONTINUE

WRITE(4, 10001 K2VSPIJ),J - 1,MAXPLIQVIPU1.J - 1,MAXPL

l(tXSPUl,J - 1, MAXPI,(ORSPU),J - 1,MAXPl,[tlFSPU),J - 1,M~P)

1000 FORMAT{l X,’PASTURE INVENTORIES AT TNE END OF ONE ACCIDENT YEAR’

I/, 1X,’12VSWJI “,1 PE9.2, 1PES.2, 1PES.2, 1PE9.2

1/,1X,’QVIPUl ‘,1 PE9.2, 1PE8.2, 1PE9.2, 1PE8.2

1/,1 X,’OSSPU) ‘,1 PE9.2.1 PES.2,1PE8.2,1PES.2

U,l X,”DRSPIJ1 ‘,1 PE8.2,1PE8.2,1 PE9.2,1PEB.2

1/,1X,’12FSPU} ‘,1 PE8.2. 1PE8.2,1 PES.2. 1PE8.2)

2s2 -0.0

RiYJRN

END

c ● ******”*”**”*”***””***”*””****

C ● SUEIROIMNE PASTUREN “
c ● ***********e******..***.****..

SUSROUTINE PASTURENITGROWP,NM, t3TlP,01PSI

c T& m.LwwtirN cslcdm- ttw concunrstion in w18e fot the my

c 306 day puiod followiw th. accidmt.

IMPLICIT REAL*S IA-N,O-ZI

c t3TlME - TIME ELASPED FROM START OF GROWING SEASON

PARAMETER (MAXP-4,NMAK -32)
.
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. .

. .

. Idmtifbdon

. Prqwn hrrm: COMIDA
● Mod& ftwtw: p-an.f V-m 1.3
. Dti: 1/10/S3 Tii 102017
.

C PASTPAR.BLK
COMMON /PASTPAJh’ZXGP, BIP,BMAXP,ZSEN

C PASTNUC.SUC

COMMON /PASTNUCICRP,~P

OIMSNSION CRP(MAXPI.ZKA6PIMAXPI

C PAST.STAT.BLK

COMMON FH=ATHOVW,QSS,0W,QMP,9PW

DIMSNSION OWWUPl,QsNNl,~*WW,QWPW~

I,12FSPIMAKPI

C COMPAR.BLK

COMMON /COMPAFVZKP,ZXW,2KR,2XRS,ZKAD.ZKOE.PSS,PSR.XR,XS,ALPHA

01MSN310N ALPHA(7)

C TIMEPAR.BLK

COMMON mM@~,TSC,TW.T~TW,TEC,TQm,mN~,

I THBEEF,TNMILK,THPOL.THOTNER,TNQL,THHAY

C PMNT.BLK

COMMON iPLANT/ ZKG,CR.Tf+lCK.RMO,BMAX, B=ART,GTiME

DIM~SION CRIMAXP)

COMMON IUCONTANTW 212,216,221 .223,Z34,Z3.Z43,D,Z62

DIMEN610N AWMUl,D(M-l,Z3WUPl,Z16 W~~

I, QTIPIMAXP),QIPSIMAXPI

Chu8ctu idknyw*72

oti~ idkOw rew)pwm.t 1.3 III SIS3 70;29:17WI

idk6Yw - idke~

W?UTEI*.*1 ‘CALCUWTING mh YEAJl PASTURE ANO SOIL INVENTORIES ‘

c InitidQc *at, Vatisbla

DO 10,J - l,NMAx

AuI-O.O

10 CONTINUE

c Sat ititid vdua for wutki-ig d ~on rata Cemtum d

c wnwntratkm ratio vdusw. Set -- rrn -m to mro d

c alpha V4W to ALPHA17) d itid invantaria in cwnputnwwx .

DO 20,J - l,NM

CiWJ}-CRP(J) ,.

A(I + U-1)*81 -OVSPIJ)

A(2 + (J-l)”SI -QSSPIJ)

A(3+U-l I”S)-ORSPUI

A(4 + (J-1 I*SI - OFSPUI

A16 + U-11*8I .avfput

20 CONTINUE

xl -0.0

Z12.2KW

221 -ZKft+ZKRS

BMAX-6MAXP

BSTART-BIP

c ● .*****.***.**** .*. .* *... ***.*.** ● *..*.***..*.*** ● *

c ●CASE1: Acadeat OCaned Duina Grawirg Saawn “

c ● md Safore Gruing %- ●

c .**.. ***** *.*... ● . *.* ** .**..*.** ● **.*.******.***. ● *

lFiTGROWP.GT.O ANO.TI.LT.TSL)TH EN

2XG - 2XGP

c Cdtiots tinw dup.d in orowi~ wawn

GTIME-Tl-TSP

c M foliu *olplim rue CwUtulm

00 30,J - 1,Nkf

Z16(JI-2KABPIJ)

&l CONTINUE

c Cddat. Cmlmlltr atirn on panrs to * mut of tfm oraing e.

x2m - T3L-n

CALL RK4SOLVEIA,X 1#x2a,NMl

c sat X2b to cho dwatien of tfn Iivwtock graina somon and GTIME to X2b

c and dew integrated vepetmion eom~.

GTIME-X2t

X2b - TEL-TSL

DO 50,J = 1,Nfd

A(6 + (J-1)*8) -0.0

A(8 + {J-1)*8) -0.0
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60 CONTINUE

c cdadm Iivdock _ pntw* c0nc9nvmi0n

CALL RK4SOLVEfA,Xl ,X2b.NM)

c Srn patuu rw@ts in intqmmd m9t9 vuida wrnputnnna

00 60,J - 1,NM

t211PU)-lA{S+ U-11*8) +A18+ U.l I* S))

so CONTINUE

c Rm rrwdd fat tfm ~owing _. ThO -C9na rate calm- m

c dlwd Om Vti of ZSEN.

Zxo-o.o

Z62-ZSEN

00 6GJ - 1,NM

Z16U)-O.O

60 CONTINUE

Xze - 366-TEL+ 16P

CALL RK4SOLVEIA.X1 ,X2C,NM)

c Rtmmodd fmmtins tutofthogmwkw waantofhmd oftha

c ucidam Y*u. Saw sail i-aiao in maw Vrnsbb murk Sot

c tfm GllMEvrndotozwe*na p~OfthOOWWi$lO_ m 4*

GTIME-O.O

2s2-0.0

00 100,J - 1,NM

Z16U)-ZKASPUI

100 CONTINUE

ZKG - ZKGP

x2 - n-rsp

lFfx2.GT.oJTNEN

CALL RK4SOLVEIA.X1 ,X2,NM)

ENDIF

c Mv0int@pr9ud dfaulta

00 11 OJ-1,NM

OIPSIJ)-A17 + U-l)* WPSS”XSI

110 CON17NUE

ENOIF

c . . ...**....**. ● .*.....****.* ● . *****..*.... . . ...0...
c ● cASE 2. Acei&nt Oeurr.d Dwira Gr4na S.aOn ●

c ● ***..*.*.**.**. ..*** *....**.**. ● .. **. **. *.*..** .*.

IF(TGROWP.GT.O.AMO.TI.GE.TSLITNEN

ZKG - ZKt3P

c cdctdtic tinm d- in grewiw naen

GTIME - TI-TSP

c m foiiw ~an rm9 eomtmts

00 120 J-l,NM

Z16UI-2XA6PIJI

120 CONTINUE

c m x2* to tho rmntiti of * Iivatocb LUuinp 88M01’1

x2~ - Ta-n

c Uldua Iiiock -- patu* cOncblWm.im

CALL RK4SOLVE(A.X1 ,X2*,NMI

c UV8 P_9 f- in tfn intqrti mm. vaiti matrix

00 140,J - l,NM

anpu)- MIS+ u-11* s)+A16 + U-l I*S)I

140 CONTINUE

c Rtm modal for tfm non-orowina seam%

ZKG-O.O

Z62.2SEN

00 160,J - l,NM

Z16U)-O.O

160 CONTINUE

X2b - 366-TEL+ TSP

CALL RK4S01VEIA,X1 ,X2b,NM)

c RIM modd fram rfu u- of tfm wowing _ totfmmmofaln

c mm Iivntock senan. Sot GTIME to zuo fw bqtirq of orowiru -own

262-0.0

GTIME -0.0

DO 160,J = 1,NM

Z161J)-ZKASPU)

1s0 CONTINUE

ZKG-ZKGP

X2C - TSL-TSP

CALL RK4SOLVEIA,X1 ,X2C,NMI

c rent int~btad Putwa eompucmmts
00 170, J- I,NM

A16 + U.11*8)-O.O

A(8 + IJ-l I* S1-O.O



.

.

.“

170 CONTINUE

c Rtm modd from tfw start of ttw Iivcctodc _ tethod

c Oftfn Bcci&nty0ud8mmf&

x2 - n-is.

G17ME - X2C

IF(X2.GT.O.)TNEN

CALL RK4SOLVEIA.X1 ,xZ,NM]

ENDIF

DO 180,J - 1,NM

QIPSUI -A(7 + U-1)* 81/lPSS’X61

ampu]-anpu)+ (A16 + U-1)”61+A(6 + U-1)*611

160 CONTfNUE

ENDIF

c ● *...**.*.**..*.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .*. ***

c “ CASE 3: AceidowI Oean 6ofar0 w Afta GrOWbW 6oti “

c .*. *.*+*********.* ..*.*.****.*.. ● *.**********.*****● *.****
IFITGROWP.LE.O.O)THEN

GTIME-O.O

ZS2-2SEN

c Canpuu tinm to nn mod.1 dti~ non.wmwina _

lFlll.GE.TEL)TNEN

X2*- 3L16-ll+TSP

ELSE

x28 - T8P-TI

ENDIF

c M madd to start of orowirq -mm wttirq root tqnh md

c foliu dnwpfim rew ce+mtmt to ztio.

DO 200,J - 1,NM

Z16(J)-O.O

200 CONTINUE

ZKG-O.O

cAIL RK4SOLVEA,X1 ,x2*eNMl

c now cdcdti. commntrati- in pattm to ttm 9tut of Iiiutock

c .wuina — oivan ths initial sail invantti in ~

c A(2), A(3I AND A(4). GTIME m kw H ZOfOsit’)mnaN ofthagrmvirq
c 80awllhe4md8mUa—la rstaCOl-9tmIZ62) b Wt to 2-0

ZKG-ZXGP

282-0.0

DO 21 O,J-1,NM

Z16UI-ZKA6P(JJ

210 CONTINUE .

X2b - TSL-TSP -r
*.

CALL RK4SOLVE~l ,X2b.NMl .-’

c now cddatc foc invontwia and int.wtiod an- b tha Iivatock

c Wang u-. Rant tha inwsratd vwmian c~ to Zaro

c oirtathsm inputim ha tdun placa MCI GTIME to OWWU? tiI’M for pmtw-

GTIME-X2b

X2C - TEL-T6t

00 220,J - 1,NM

A(O + U-1)*8 I -0.0

A16+U-11”8)-O.O

220 CONTINUE

CALL RK4SOLVEIA,X1 ,X2C,NM)

c - im9wm0d Pmttm rti in 9tti vuiti matrix

DO 260,J - 1,NM

QTIP(J) -IA(6 + (J-11*81 + A(8 + U.l)*SII

260 CONTINUE

c flm model for the remutima tinw in tlm adcknt you SOtth Or-

c rateCol-ntu’11 and fdiu ~m ram Wr9tants to Zuo

X2 - 3r36-(X2-+X2b+X2cl

ZKG-O.O

2s2 - ZSEN

00 260,J - 1,NM

Z16U)-O.O

280 CONTINUE

IF[X2.GT.O.ITNEN

CALL RK4SOLVEIA,X1 .X2,NMI

ENDIF

c W* tlm intwrated aeil remits

00270, J - 1,NM

OIPSIJI -Al?+ (J-1 )”SWSS”X81

270 CONTINUE

ENDIF

c S8V9 Comowtmem d rdta

DO 280, J - 1,NM

@JSPU) -A(l + (J-1)*6)
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OSSPUI-A(2+U.l)*S)

QRSWJ)-A13 + U-II*8)

QFSPUI-A(4 + U-1)*81

avlPIJ) -A{6+ U-1)*8)

2S0 CONTINUE

WlUTE14,1 000) (OVSPIJLJ - 1,MAXPL19VlPULJ - 1,MAXPL

llCISSPIJLJ - 1,MAXPL(QRSPUI,J - 1,MA%PI.IQFSP(JI,J -1 NAXPl

1000 FORMAT(1 X,”PASTURE INVENTORIES AT THE END OF THE nth YEAR FOLLOWIN

10 ACCIOENT’

1/,1X;CWSWJ) “,1 PE9.2,1 PES.2.1 PE9.2,1 PE9.2

1/.1X,’QVIPUl ‘,1 PE9.2, 1PEO.2, 1PES.2. 1PEO.2

1/, lX,”OSSPU) ‘,1 PES.2,1 PE9.2, 1PE9.2. 1PE9.2

1/,1X.’ORSWJI ‘,1 PE9.2, 1PES.2, 1PES.2,1 PEO.2

1/,1X,’OFSPU) ‘,1 PES.2, 1PES.2,1 PE9.2. 1PE9.21

2s2-0.0

RETURN

ENo
c ● ********-****..*...*...***.*.*

C “ SU6ROLMNE SEEF ●

c ● .*. ****. **. *.*. *.**. ***. *.....

SUBROUTINE BEEFWM,QmO,OnL.OmH,amP,~~

c m S@rouim ddaa the imwmmd Utivity in bwf for my y-

C intti of contaninmrcd twy pmtuo w W*

IMPLICIT R~*EI lA-H,O-Zl

PARAMETER IMAXP -41
.

. Idwltifieatial
● Pmorun Nn’nw COMIDA
● M- Nmm: bai.f Vu8ien 1.2
. 0- 1/10/S3 T-: IOS%07
.

C SEEFPAR.BLX

COMMON /SEEFPAJIMPS,RHB, RGB,RSS,RLS

C BEEFNUC.BLX

COMMON MEEFNUCKCS,TCM

DIMENSION TCBIMAXPI.TCMIMAXPI

C BEEFSTAT.BLX

COMMON ~EEFSTATE/OISP,OiBH, OIBQ,OIBS,QIBT, QIBLTOS

OIMENSION ~BPNWl,QIWWW),OIBGWUPl, ~BSW-1.@BTiMUPl

I, QIBLIMAXPLTOS(MAXPI

C NUCPARI .13LX

cOMMON iNUCPARl MMEMSER,NPRO12.THALF,ZXL

OIMENSION THALFiMAWl,~lMAXP)

C TIMEPAR.BLX

COMMON /TIMEPAFViT,TSC,TSP,TSL,TSH,TEC,TEL,Tl,TINTM.

I WSEEF,WMIK,~~L,~OW~,~W~HAY

c 9tti0 Vtima

OIMENSION QTIGIMMPl,OnHfMUl, OnPWMP).~=WW,OnLWU~,

IOWA)(PI

Chuurw i$k9yw”72

oti~ knUYW riwbd.f 1.2 1/1s/s3 lo:sos7w’/

idkqw - idhqw

c sOdacay rm9c0rutnn armYWchItntd NMY R0rdyuwult9d

c for with PUwlt I’udii.

00 S,J - l,NM

Oul-o.o

S CONTINUE

0(11 -LoG12.lmiALFll 1

C Cdadtie eontribdon from Patvc. Iuy, grain, soil, *W d total

c Storo .ccu’mdmod y,dy total in TOE

00 10,J - 1,NM

OIBPU) - t2TlPUl”RPS “TCSUI”EXPF(-OU) ●THBEEF)

OIBHUi-QTlHUl*RHB”TC6Ul”EXPFkOUl*THBEEFl

OIBGU)-QTlGUl”RGB*TCWJl”EXPF(4XJl”THBEEFl

OIBSIJI - OIPSU)”RSS*TCBIJ)’ EXPF(.OUIWHBEEFI

OIBLLJ) - OTILUI”RLS”TCBU) ”EXPF(-OUI”THBEEFI

QIBTUI - IOIBPU) +OIBHIJ) + OIBGU) + OIBLU)+ OISSUI)

TOB(J) - TOBUI + QISTUl

c wRITEI*,*) TOSUI

10 CONTINUE

R~URN

ENo
c ● ***** ***. **0**.*.*..*****,****

C ● SUBFiOLMNE MILX “
c .** . ...*********.******..*.**..

SUBROUTINE MIMWM,OnG,QnH,QTIP, ~~,OnL,O~P.O~S,~
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C M tianim ddmw h int~m.d udvity in milk far MV yau

C intdw of contuninmt.d twy pmtwo or ordn

IMPLICIT R@l”S (A-H.O-7J

PARAMnER IMAXP -41
.

● Idontificaim
● !%qrnn Nmnw COMIDA
. Mod* Nanw milk.f b%mirn 1.2
● Date: 1II 9/83 Tinm: 10:31:32
●

C MILXPAR.BLX

COMMON A41LXPAWRPM,RHM, RGM.RSM,RLM

C SEEFNUC.SLX

COMMON MEEFNUC/TCB,TCM

DIMENSION TCB(MAXPl,TCMIMAXPf

C MILXSTAT.BLX

COMMON ~lWflATU~MP,~MH. ~MG,~MS,~MT,~ML~M.TN

DIMSNSION OIMP(M~P),mMHIM-l, @MGW-,~MSW-Pl,@MT~W

l, WMLWMP1.@-WW),TQM (MW

C NUCPAJll .SLX

COMMON /N UCPAR1 MMEMSER,NPROQ.THALF.ZXL

DIMENSION TNALFIMAW%ZXLIMAXW

c mMEPAR.BLx

COMMON mMW~,7X,TW,T%Tx,~C,T~n.mN~,

1WEEEF,~MIU,~WL~O~~,WG&WHAY

DIMENSION QnGIMNP),QmHW~P), OmP(MMP1.~%WMPl. QnLIMMP),

I OSTIPIMAXP),OSTISIMAXPLOIMAXP)

Chnutw idkww”72

D@@ idk..yw ~@(81milk.f 1.2 1/1s/s3 10:31 :32W’I

idkeyw - idkqw

c CalcdmOca-mibutimfromp-c, hay, orsin Iegtsna, soil and tetd

c Store total ecwntiatd wcrty rotd in TOM

c %dacwrate eomnntmayuchthm deewisodY~8d

c for with pua-lt nudii.

DO 6,J - 1,NM

DU) -0.0

6 CONTINUE

D(l) -LOG(2.VTHMFIII

DO 10,J - 1,NM

OfMPU) - QnPUl”~*TCMU)*=PFl_ U)”~MIK)

OIMHUI - QTIHUI “RHM “TCM(J)”EXFF(-D(JI”THMILXI

~MGU)-QmGU)”RGM”TCM(Jl”=PF{*Ul*~.MiM)

01MSU)-01PSU)”R3M”TCMU) *EXPF(-QUI”THMILX) ‘-’

~MLU1-QmLUl”RNOTCMUl” ~PFWUl*~MIU)

OIMTUI - (OIMPUI +QIMHU1 + OIMGU) + OIMSUI + QIMLUll

IFINY.EO.1 }THEN

CWSMU) - 10SflPU)%PM”TCMUl + Q~SUl”-”TCMUll”mFl~ Ul”

I THMILKI

ENDIF

T12MUI -TOMU) + OIMT(.M

10 CONTINUE

RETURN

END
c ● ***.*..*********..************

C ● SUBROUTINE SHORT “
c ..++ . . . . . . . . . . . . . . . . . . . . . . . . . . .

SUBROUTINE 3HORTlNM,A.t3STlP,0STK3)

c m Mlbrwaim Cddma the 9h0rt tal’fl klmgmtod Utivii ill Pmtwa

IMPLICIT REAL*8 lA-H,D-Zl

C T - ACTUAL lNTEGRATION TIME

c S - DUMMY MATRIX TO HOLO STATE VARIASLE VAIUES

c Xl - SEQINNING TIME ISH EQUAL TO ZERO)

c cST!PIJ) - SHORT TERM INTEGRATED PASTURE ACTIVllV lSO-D/XGl

C W3TISUI - SHORT TERM INTEGRATED PA8TURE SOIL ACTfVlm 18Q-DNiGl

PARAM~ER (MAXP-4.NMAX -321
●

. Idultifidon

. Rogran Nune: COMIDA

. ModA Nmne: slwrt.f Vomion 1.2
● OmS: 1/1S/S3 Tinw: 10:32:42
.

C TIMEPAR.SLX

COMMON /TIMEPAtVTT,TSC,TSF,TSL,TSH,TEC,TEL,n,TINW.

I THSEEF,THMILX,THPOLTHOTHER,THGL,THHAY

C cOMPAR.SLX

COMMON /COMPAR/ZXP,ZXW,ZXR, ZXRS,ZKAD,ZXOE, PSS,F%XR.XS,ALpHA
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DIMENSION A1.PHA(7)

OIMENSION AINMUl,BWMUl,QWPW-), ~SWMP)

ChuXw idhaYw*72

nti idkOYW rwhkwt.f 1.2 IIISIS3 10:32 :42W’I

idlloyw - idksvw

c~ A matrix vdua to marix B

DO 10,I - I,NMAX

Bfil - AO)

10 CONTINUE

xl -0.0

C ctndtttu vdtmof TfNTMtomak@wo itdoanot axa.dtholivc

c stock gfailw finu

lFfllNIW.GE.lTEl-TBLllTNEN

WRITE{*,*I ‘SRROR . TINTM CANNOT SE GRIUTER TNAN TEL-TSL’

PAUSE

R~URN

ENOIF

c cditbl:nbtithrst

IF(TLLE.TSL)TNEN

T - nNTM - ma-n)

IFIT.LE.O.O)TNEN

00 2G,J - l,NM

asnPu) -0.0

a.msul -0.0
20 CONTfNUE

RETuRN

ENDIF

c now int9af@ta * pmrws Concanratjm

CALL RX4SOLVE(S,X1 ,T,NMI

GOTO 99S

ENDIF

C Canditim 2: Tfi8gr.8urtkn TSLmd Tl+TINTMhatfun TEL

lFIT1.GT.TSL.ANO. fTl + TINTM1.LT.TEL)TNEN

T- TINTM

CALL RX4BOLVEIB.X1 ,T.NMI

GOTO SS9

ENOIF

c Cot’ditim 3 n b Orcuu * TEL

IFITI.GE.TSL)TNEN

DO 40.J - l,NM

CVSTIPUI-O.O

QSTIS(JI .0.0

40 CONTINUE

REIWRN

ENDIF

C Condition 4: Tlis Wauuthm TSLmd &tJwITEL

c n+nNTMgmstcr thul TEL

IFITI.GT.TSL.ANO.TI.LT.TRANO.(TI + TINTM).GT.TEL)TNEN

T - TEL-TI

CALL RX4SOLVE(B,X1 ,T,NM)

ENOIF

C au vdtm of QSTIP fw ruwn to PASTURE1

99S 0030, J - l,NM

OSTIPUI - Isle+ [J-1) *B) + B(B + U-l I*BI)

OSTISW-B17 + fJ.lt-SMPBS”XSl

30 CONTfNUE

WMITE14, 1000) T,lQSTfP(Jl,J - 1, MAXPI,KLBTWJI,J - 1,MAXPI

1000 FORMAT(1 X,’STORT TERM PASTURE INTEGRATION TIME ‘,1 PE9.2

l/,lx,’SNORT TERM INT PASTURE Bq.dhQ’,l PE9.2,1PE9.2,1PE9 .l,l PE9.2

l/,lX,OSHRT INT PASTURE SOIL Bq4J14’,1 PE0.2,1PE9.2.1PES.l,lPE9 .21

RITuRN

ENo

c ● *”*””****”*””*”*”*******”*”***

C ● SUBROUTINE POULTRY “

c “**** *****”***’*****”**”***””+*

SUBROUTINE POULTRY{NM.QTIG,OIPS, QTIU

C Thi9 tiotnim cdadarn tho intcgrmti oaivity h padtw for m you

C intalm of mntaniti.d hay pattm or orain

IMPLICIT REAL*B IA-H,O-21

PARAMErER (MAXP -4)
●
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.,

● ldmtificatim
● program Nufm: COMIDA
+ Modtdc NUIN: rxdt?y.f V-en 1.3
● Dtio: 111 9/93 linm: 11:24:34
●

c NUCPAR1 .BLK

COMMON MUCPAR7 MMEMBER,NF’ROO,THALF.2KL

OIMENSION THALFIMAXPI,2KIJMAXPI

C POULPAR.BLK

COMMON /?OULPAR/RGPL,RSPL.RLPL

C POULNUC.BLK

COMMON IWNLNUCJTCFL.TCO

OIMENSION TCPLIMAXPLTCO(MAXPI

C POULSTAT.BLK

COMMON ~W~A7U~RG,~~S,QlWQm~,TW

OIMENSION ~~GIMWP).~WSMti~.Om~ W~.@-W~.

ITOP(MAJCPI

c mMEPAR.BLK

c

c
c

c

6

. . . .. .. . —..—.. —--- -— -- --, ----- - -----
COMMON (TIM ILPNV1 T,l SC, TW, i~lm,ltG, lW1l. llNlm.

I ~BEEF,~MIU,~WL, ~OTH~,~U.WHAY

DIMENSION OmGMMP),@HIMNP),OmLMM,DW~

CturutU idww-72

Dma idkww rew)&.f 1.31II S/S3 11 :24:34W”I

idkeyw - idkqw

Cddata contribution from gfain, sail, lag- ad total
Stcauxumhtedtotal integrated vdus in TOP

S81 dew fmo Ca--tti array such Uut &cay m =dV UC-d

for with puml rudidea.
DO 6,J - l,NM

Ou)-o.o

CONTINUE

D(l) -LoG12.lfrHMF[ll

DO 10,J - l,NM

OIPLGUI - QmGIJl”RG~”TC~lJl *=PF(OUl”~WLl

QIPLSIJ) - UWUl”R=*TC~U)”=PF(*Ul*WWU

OIPLLU)-QTILU)”RLPL* TCPLU)” EXPF{-DUl*TNPOU

(YTWLU)- (OIPLG(JI + QIPLSU) + OIPLLIJII

TaP(JI. TOP(JI + an.wd]

10 CONTINUE

RERJRN

END
c ● ****. ***** . ..*** **.. **. *...... ,---
C “ SUBROWINE OTHER “

.r

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
*’. :

SUEROUTINE OTHWWM,QnG,~=,QnLQmH.Qm~

C Thk tiwtinc ticdatu tfn integrm.d utivity m pmdfry for q v.-

C intti of em-itnninmmd ttq putm w grti

lMFllcIT REAL*8 IA-H,O-ZI

PARAM~ER IMAXP-41
●

● Iwlcbtiotl
● Pragrwn Nu’m: COMIDA
. Mad* Nun.: othar.f Veraiort 1.2
. Dma: 1II 9/93 TIM.: 10:34:32
●

C OTHERPAR.BLK

COMMON /OTHERPMklRGO,RSO, RLO,RHHO,RPD

C POULNUC.BLK

COMMON IPOULNUCITCPL,TCO

DIMENSION TCPLIMAXPLTCO(MAXPI

C OTHSRSTA.SLK

COMMON /OTN ERSTATEIQIOG,DIOS,QTIO,~ OP,QIOL,OIOH,TOO

DIMENSION @OGfMNP),QIOSWMP}, OmOWWl,~OPW-,~OHWN~,

11210L(MAXPI,TQ0 [MAXP)

C NUCPAR1 .BLK

COMMON INUCPAR1MMEMBER,NPROG,THALF,2KL

OIMENSION THALFlMAXPl,2KLlMAX~

C TIMEPAR.SLK

c

c

COMMON fllMEPAR/TT,TSC,TSP,TSL,TSN,TEC,TEL.Tl.TINTM,

I THBEEF,THMILfC,THPOL,THOTHER,THGLTHHAY

mu* Vuiti

DIMENSION QmGWNPl,Ql=WMPl, OmLWNPl,QmHW~P1.OmP(MWPl,

ID IMAXP)

Chaactar idkeyw”72

Dug idkqw f~{%tftu.f 1.2 111WS3 10:34 :32W’I

idko~ - idkevw

Cdwkto cmtributim from grun, roil, lagtrnc, hq and paw. d total
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c SON total III TOO

c s9tdDuyrawc01mmt ~w-tihvhm~d
c for Widl puult Wdidn.

00 6,J - l,NM

DU) -0.0

6 CONTINUE

011 ) - LOG12.VTHALFII )

DO 10.J-1,NM

~OGU1-QnGUl”RGO* TCOWMl”-F{~Ul”~O~~l

@OSU)-@=Ul”RW”TCOWMl”WF(*U)”~O~~)

OIOLU) - Q77LU)”RLO”T’CO(NM)” EXPFf-OUl”THOTHER)

DIOHLII - OTfWJl”RHHO”TCOINMl* EXPF(-OUl “THOTHER)

@OPU1-Q~PUl*~*TCONM} ”WF(~Ul”~O~~)

QTIOUI - 10fOGUl + DIOSUI + OIOLU) + OIOHUI + OJOPUII

TOOUI-TOOU)+QTIOU)

10 CONTINUE

RETURN

ENo
c ● *********.*.***....*..****.**.

C “ Subroutine FALLOUT “

c ““*** *”**”****”*”****”********”

SUSROIJTINE FALLOUTIFV,FS.SSTART.SSTNlD,TlME,2KG.ALF+fAl

IMPLICIT RSAL”S (A-H,GZf
.

. Idultificaion
● pr~ram NUIU: COMIOA
. Modti N- fdlout.f V- 1.2
. Dtio: 1/1 S/S3 Tim: 10:36:30
●

C tho mhruaifn Cdakkt- tlu titiitw bioma M bccidmt tmw

C and IhO fratbm of fdlti on * vawtmiv. md d mrfu9

c Fv - mTfoN OF FALLOUT 10 VEG
C FS-FRACTfON OF FALLOUT TO SOIL

C SSTART - INITIN BIOMASS lKG/M2 dry)

C BSTANO - MAXIMUM STANDING BIOMASS IKGJM2 dry)

C TGROW -TIME REMNNING IN GROWING SEASON (d}

C B - CURRENT SIOMASS II(G1

Chuutu idkDYw*72

D-a idksyw /’@(81fdlout.f 1.2 1II S/S3 1036:3OWI

Idluyw.idkoyvv

A - LOGI(SSTANO-S.STAFET)IW3TARTI

S -BSTAND/[1 + EXP(A-2KG*TlMEll

S - 8STAND/11 + EXPFIA-2KG’TIMfl)

FS - ExPF(-ALPHA”S)

FV-1.FS

WFUTE(4,1 0001 S, IW,FS

1000 FORMAT(1 X,’SIOMASS AT TIME OF ACCIDENT ‘,1 PE9.2

U, 1X; FRACTfON OF FALLOUT TO vEG SURFACE ‘,1 PE9.2

1/,1X,”FRACTION OF FAALOUT TO SCW SURFACE ‘,1 PE9.21

RETURN

ENo

c ● ******”*”****”****””**+****”**

C ● SUSROUTfNE ONEYEAR “
c . ..0. + . . . . . . . . . . . . . . . . . . . . . . . . .

SUSROUTfNE ONFfEARiNM,NUC,TGRDWP,CUTOFF,NCUTOFfl

lMPLfCIT REAL*8 IA-N,O-21

CHARACTER*S NUC

PARAMITER fhfAXP-4,NCR -6, NCUTMAX -3)

C TGROW - REMAINING TfME OF GROWING SEASON AfTER ACCIDENT (d]

C TGROWN -REMAINING TIME IN CURRENT HAY GROWING SEASON AFER ACCIDENT W

C TGROWP - REMAJNING TIME IN PASTURE SEASON (d)

C KCUT -HAY GROWING SEASON WHEN ACCIOENT OCCURED
.

● Idant)ficatim
. Pr.agrun NW COMIOA
. Modti Nnnc O?NYW.? Venion 1.2
● Dtiw 1II S/S3 Tinw: 10:3S:30
●

c nMEPAR.sLK

COMMON /TIMEPAR/lT,TSC,TSP,TSL,TSH,TEC,TEL.Tl,TINTM,

I THSEEF,TEIMILK,THPOL.THOTHER,THGL,THHAY

C HAYPAR.SLK

cOMMON MAYPAfU2K~H,SlH, BMAXH,NCUT,TCUT

OIMENSION TCUTIO:NCUTMM)

C NUCPAR1 .BLK
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COMMON lNUCPAJfl MMEMBER,NFROQ,TNALF,ZKL

DIMENSION TNA.FIMAXPI,ZKLIMAXP)

c COMPAR.BLK

COMMON /COMPAR/ZKP,ZXW,ZKR.ZXRS,ZXAO,ZKOE.PSS,PSR.XR,XSALPNA

DIMEN3$ON ALPNAITI

c FLANT.SLX

COMMON IQLANTI ~G,CR,rnlCK,WO,BM~.8-~,QnME

DIMENSION CRIMAXP)

COMMON ITICONTANTSI 212,216,221 ,Z23,Z34,Z3.Z43,D,ZS2

DIMENSION DIMNtPLZl 6(MAXPLZ31MAXP),NUCIMAXPI

DIMENStON OmGN-),OmP(MMPI,@~W~, QnHN-),OmLMM,

I asnPIMAxPl

Chaoct@r idluvw*72

D- idbvw rOl$)omy,n.t 1.2 1119/63 l&3e:38w”l

idluvw . idk.9yw

c m fired vdcno far RCONSTANT common t40clL, RCONSTANT pnon U!@

c vdua of th rtia corutuim to dm OERIVES tie

WRITEI4,1OOO)

NY- I

NM -NMEME$ER

micK-xR

RNO. PSR

Z23-2KF

Z34-ZKAD

243- ZXDE

c -n nudii -fie Vd- fw huh r- {23) ad duav Ca’9tud ml
DO 10,J - l,NMEMBER

Z31JI. ZKLUI

D(.)) - LOG12.YI’NALFIJI

10 cONTINUE

C -n ● vdtm to TGROW tot crops. 7GROWS0 fw m suadmt tha OcCu’s

c cluing ttn owvwino —. TGROW<O for m aecidsm thm — 0umid8

c tln Orawiw 9.mOn.

IF(TI.GE.TSC.ANO.TLLT.TECITHEN

TGROW-TEC-Tl

ELSE

TGROW--1 .0

ENOIF

C Auign t vdtm to TGROWH f= hay. TGROW( >0 for M tcddant thst ocewm

c cluing uw FWY growing n-. TGROWN<O fat m accidmt that oran

C mmida tlw hw orowino m. Dc6rn KCUT=tfw Wowtisomnth8

c Ucidau Occuad on.

lF(T1.GE.TSN.ANO .TIJ.T.TCUTiNCUTllTNEN

DUMMY . TSN

0020, I = 1,NCU7

IF(TLLT.TCUTIII.MO. TI.GE.OUMMYITNEN

KCUT-I

T13ROVVN. TCUTOt-TI

DUMMY - TCUTflJ

ENDIF

20 CONTINUE

ELSE

TGROWH .-1.0

ENDIF

C -n vahn to TGRoWP. If TGROWP>O th-I scadalt 0ccu9dduirgttm

C tha growirg em

IF(TI.GE.T3P.AN0 .TI.LT.TELITNEN

TGROWP . TEL-Tl

ELSE

TGROWP --1.0

ENOIF

CALL PASTURE1 (TGROWP,NM,OTIP, OIPS,OSTIP,QSTIS)

CForunc. mdhq. thatimingafthm ucidawmutb.scout.dfw.

CTnw Tlrnths timsrnmal fadinvsntarin uocamunsdovu.

c *.. ***** . . . ..*** +.**. *....*..*...*.**....****..**.*.*.**..****..**..

C “ CASE 1. ACCIDENT OCCURS DURING OR BEFOR ANNUAL GROWING SEASON “
c ***** **. ***** ***0* *.*. **...****.**...*...***....***...*..***.***.*..

IFITI.LT.TECITNEN

T1 - 366-ITHGL + TEC) + m

CALL CROP1 (TGROW,NM,OTIG,QTIL,T1 I

ENDIF

lFfll.LT.TCUTWCUTllTNEN

T? -38s-ITNHAY +TCUTINCUTN+TI
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CALL HAY1 ITQUOWH.NM,KCW, QTIH,T1 1

ENDIF

c ***"" *""** *""** ******"""*""*""""""*****'*"***""**"*""*"******

C “ CASE 2. ACCIOEW OCCURS AFTER ANNUAL GROWING SEASON ~0 ●

C “ AFTEN HOLDUP PERIOO .

c ****" ***** ***"* ***"**"****"*"*"***""*"******+**"**"*"*******"

IFITI.GT.(TEC +THGL))THEN

CALL CROP1 lTGFiOW,NM,QTIO, CITILTl I

T1 -T1-tTHGL+TECl

12-0.

CAI.L CROW INM,OnQ,QnLT1.T2)

ENOIF

IFITI.GT.(TCUTINCUTI + THHAYIITHEN

CALL HAY1 (TGROWW,NM,KCUT,CITIH,T1 )

T1 - TI-ITHHAY + TCUTINCUTN

T2-O.O

CAM. HAYNU4M,QTIH,T1 ,T21

ENDIF

c """*" **"** ***** *"*********************""**"***"""**""***"**"**

C “ CASE 3. ACCIOENT OCCURS AFTER ANNUAL GROWNG SEASON ANO “

C “ 0URIN12 HOLD-UP PSFUOO ●

c ***** ***** ***** ***********+*******************"**""***********

cFir9ty0ncmcuN? Mimn m Zwo ~ *d fd grown

Cduiwth8ucidmt y.uwiMmtb cwnwrd. Tlkwttos

C 8mdl vti w tti bceidmt Y- invarnotia n nvod tar tiuum yern.

IF(TI.GE.TEC.ANO. TI.LE.(TEC + THGL1)THEN

CALL CROPI (TGROW,NM,OTIG,QTIL.T1 1

11- ITEC + THGU-TI

lFiT1.LE.O.lTHEN

T1 -0.01

ENDIF

12-0.0

CALL CROPN(NM,OTIG,QTIL,T1 ,T2)

c Z90 Cunnt Yom invanh

0030, J-l,NM

QTIGU)-O.O

anLul-o.o

30 CONTINLIE

ENDIF

lFIT1.GE.TCUTiNCUT) .ANO.Tl.LE.ffCWINCUTl + THHAYHTHEN

CALL HAY I (TGROWH,NM,KCUT, QTIH,T1 1

?1 - ITHHAY + TCUT(NCUT)I-TI

IFIT1.LE.OJTHEN

T1 -0.01

ENOIF

T2-O.O

CAAL HAYNINM,QTIH,T 1,12)

c Zero U-m curom y-u intaomwd hwnuwiw

0040, J - l,NM

QnHul -0.0

40 CONTINUE

ENOIF

CAIL BEEFWM,QnG,OnLQnH, QnP,Ql~

CALL MIMNM,QWG,Q~H,OnP, QIW,QnL,O~P,O~S,NY)

CALL POULTRYINM,QTIG, OIPS,QTILI

CALL oTHERINM,anG,alPs, anL.anH,QnPl

CAJ.L WOUTINY,QTIG,OTIL, QTIH,CITiP,OIPS, NUC,CUTOFF,NCUTOFFl

1000 FORMATI1 X,’RESULTS FOR 1ST YEAR IYEAR OF ACCIDENTI’)

RIFWRN

ENo

c “***” *”****”***”***”**-*”*”***”

C “ SUBROUTINE NYEAR ●

c ● ********”*********************

SUBROLMNE NYSAR(NM,NY,KWG,NUC,TGROWP,CUTOFF,NCUTOFFI

IMPLICIT REAL*S IA-H,O-ZI

PARAMETSR [MAXP-4,NCUTMAX .3)

CHARACTER*6 NUC

OIMENSION OnPIMHPl,QnHMMP), OnGWHP),Ol~lMMP).OnLNMP]

DIMENSION NUCIMAXPI,DUMMYI (MAXPLDUMMY2[MAXPI
●

● Idmtifietiim
● Pmwmn Nurm: COMIDA
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.,

● Medtdc Nnrm: ny.m.f VtiarI 1.2
● Dma ll19tS3 Time: 10:30:41
●

C TIMEPAR.BLK

COMMON mMW~,T%.TW,T%TW, TEC,T%m,mM~,

I ~SEEF,~MIU,~~~~O~~.~WTHHAY

C HAYPAR.SLK

COMMON MAYPAFWKGH,BlH,8 MAXH,NC~,7CUT

DIMENSION TCUTIO:NCUTMAXI

Chuutw ldk.cYw”72

D@t@idkayw /@(8)nyam.f 1.2 1/18/93 103041WI

idlwyw . almyw

w’WTEI4,1OOO) NY

WRITEI”,1OW NY

c chuknc@Off lirWi8aw00&d.lf80, tlnnd0 notwocudwidlde.

IFIFLOATINY).GT. CUTOFF)THEN

IFIKFLAG.EO.l}THEN

CML WOUT(NY,QTlG,OTlL.(lTlH,OTlP.DlPS,NUC,CUTOFF,NCUTOfFl

ENDIF

RETURN

ENDIF

c DunmYvti- uePI,co hddusfwtf’nfiml ycapmttnm’d~

c and ~ wil irwcntoria inugmtd fw dnm TINTM.

c Ttnnvdu80u0 mtdin8@wqUmm - edd-.
DO 10,J - l,NM

DUMMY1 (J} -O.

DUMMY2UI-O.

10 CONllNUE

CALL PASTURENITGROWP, NM, OTIP,OIPS)
c ***** ***** ***** ***. ****...***..***..****.**.***..**..***..,*.*...***

C “ CASE 1. ACCIDENT OCCURS DURING OR BEFOR ANNUAL GROWING SEASON ●

c ***** ***** ..*** ** . . ..*..**..........***.***..*...**.**.*..*********.

IFITI.LT.TEC)THEN

T1 -36s-mit3L+TEct +n

12- (TEC + THGLI-TI

CA&L CROPNINM,OTIG,OTIL.Tl ,12}

ENOIF

lFIT1.LT.TCUTINCUTllTH~

TI - 3#s-fTnHAY + TcuTfNclm) + n

T2 - ITCUTINCUTI + THHAY)-TI

CAL HAYNINM,OTIH,Tl ,T2)

ENOIF

c ****. *.*** .**** ***** *.*** ****.. * . . ..**. *.*. *.. * . . ..*** **.*.*.
C ● CASE 2. ACCIDENT OCCURS A~ER ANNUAL GROWING SEASON ANO “

C ● AITER HOLOUP PERIOO ●

c *.. ***.. ***. *******.*.*.*****..***..**.*..*.*.....**..*..**.*

lFrn.GT.lTEC + THGUITH~

T1. n-mm+ TECI

T2 - 386-TI + ITHGL + TECI

CALL CROPNINM,QTIG,OTIL,T1 ,T21

ENDIF

lF(ll.GT.(TCUTINCUTl + TNHAY))THEN

T1 -TWf+HAY + TCUT(NCUTN
T2 - ITCUTINCUTI +THHAYhTl

CALL HAYN(NM,12TIH,T1 ,T21

ENDIF

c **""* ""*** "***" *"*"*"*"**"******"**"*************""*"*********

C “ CASE 3. ACCIDENT OCCURS AITER ANNWJ. GROWING SSASON ANO “

C + DURING HOLD-UP PERIOD ●

c **'*" ***** "**** "*"***"*"""*********"**""**""**********"**"****

c Firm Yw cOl—K9nwstiotn e- zuo b- @md fb grown

C dwina ttm ●Ademt yaw will not In ewmmmd. Tlic8atte~

C mwil vdtm 90 tfu accidun ycam invantoria uc uv.d for ~~ y.us.

lFiT1.GE.TECAND.Tl .LE.iTEC + THGL)ITHEN

T1 -0.001

T2 - 366-WHGL + TECI-TH

CALL CROPN(NM,OTIG,QTIL.Tl ,T21

ENOIF

%’. ,

lFrn.GE.TCUTfNCUTl.AND.TLLE.UEC + THHAY)}THEN

T1 -0.001

T2 - 3tIS-(lTHHAY + TCUTINCUTII-TI)

CALL HAYNINM,OTIH,TI ,T21

Ml



ENDIF

c **"*" ""**" ****" *"""" "***"******"*******""******"""****"*=*******"***

CALL BEEFINM,QmG,QnLQmH,QnP,~~l

CUL MILKINM,(NIG,QTIH, CtllP,OIPS,QTIL,DUMMYl ,0 UMMY2,NYI

CALL POULTRY(NM,QTIG, OIPS,CITILl

CALL ommlNM,onG#aH,onLsanH, onm

IFIXFLAG.EO.l)THEN

CAIL WOUTU4Y,QTlG.QTlL, QTlH,OTlP,OlPS.NUC,CUTOFF,NCUTOFFl

ENDIF

1DOG FORMATIE.X,’RESULTS Foil FOR YEAR ‘,12)

REWRN

ENo

c ‘**** **”””**””****”*””””***””””

C “ SUBROUTINE WOUT ●

c ● ********”*”*”*”*”*””””*”****”*

SUBROUTINE WOUTlNY,OTl(3,(2TlL.QTlH,OTlP,CMS,NUC,CUTOFF,NCUTOFFl

IMPLICIT REAL*8 WH,O-21

PARAMETER IMAXP-4,NMAX -32,NCR-6)

CHARACTER*8 NLIC

CHARACTER*O SPC
●

● Idaltincaion
● prqan N-. COMIOA
● Modti N-: wm.d V*m 1.6
● D8tw lilem3 T- 11:2s:2s
.

C CROPNUC.BLK

COMMON /CROPNUCtCRC,21CMC

DIMENStON CRCINCR,MAXP),2 KABCINCR,MAXPI

C HAYNUC.SLK

COMMON MAYNUCICRH,2KABH

DIMENSION CRH(MAXP).ZABH(MAXP)

C PASTNUC.6LK

COMMON IPASTNUCICRP,2KASP

OIMENBION CRPIMAXP),2XAEP(MAXP}

C CROPSTAT.SLX

COMMON lCROPSTATEIQVSC, QSSC,ORSC,QVIC, QFSC,TOC,QTlC.CTOTAL

DIMENSION Q-CWCR,MUP),Q~WCR,MMl, ~= MCR,MUPl

LQVlClNCR.MAXPl,OFBClNCR,MAXPl,TQClNCR,MAXPl,OTlClNCR,MAXP)

I, CTOTALINCR + 2, MAXP)

C PASTSTAT.SLX

COMMON /PASTSTATE/OVSP, OSSP,ORSP,OVIP, OFSP

DIMENSION 0VSWNP1.QS9NtiP), ~WW*l,0MPW-l

I, OFSPIMAXPI

C HAYBTATE.BLX

COMMON MAY=A~W,QS,~S,QMH,OFW

DIMENSION O* N~Pl,OSWNUP),O-W-),OMHIMN~

l, OFSH!lMXPl

C NUCPAR1 .BLX

COMMON MUCPARI RJMEMBER,NPROG,THAAF,2KL

OIMENSION THAlFfMAXPl,2XLlMAXP)

C SEEFNUC.BLK

COMMON /EEEFNUCflCB,TCM

OIMENS!ON TCS(MAXPI.TCMIMAXP)

c POULNUC.BLK

COMMON /PDULNUC/TCPL,TCO

OIMENSION TCPLIMAXPI,TCOIMAXP)

C BEEFSTAT.BLX

COMMON /BEEFSTATE/016P,01 Bti,01BG,01BS,91 BT,01BL.TOB

OIMENBION @BPWMP),UBHW~P1.QIBGMMP),~BSWtiPl,~STNW~

I, QISL(MAXPI,TOBIMAXP)

C MILXSTAT.BLK

COMMON /lAILXSTATEIOIMP, OlMH,OlMG,OlMS,OlMT,OJML,OlSM,TOM

DIMENSION OIMP(M~l,QIMH(MMP), ~MGM-l,~MS(MMPl,91MTW~)

l,~MLWU~,@*W~~,TOMWMPl

C MILXPAR.BLX

COMMON iMILKPAIWWM,RHM,RGM,RSM, RLM

C POULSTAT.BLK

COMMON POULSATH~~G,Ql~S,~~,Om%TW

DIMENSION ~~GWM~,OlmSIMUPl, OTIW(MtiPl,Ol~lM@l,

ITOP(MAXPI

C OTHERSTA.BLX

COMMON /OTHERSTATW210G,010S,0T10,010P,CXOL,010H,TCi0

OIMENSION OIOG(MAXPl,OIOS(MAXP), OTIOIMAXP)rOIOP(MA%P), OlOHlMAXPl,

IOIOL(MAXPI,TOO(MAXP}

C COMPAR.BLX

COMMON /COMPAFUZXP,ZXW,2KR.ZXRS,2XAD,2XDE,PSS,PSR,XR,XS,ALPHA
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DIMENSION ALPHA(7I

c nMEPAR.BLK

COMMON MMW~,T%,TW.T%.TW.TEC,T&n,nNW,

I WSEEF,~MIK,~~L~O~ ~,~GL.~HAY

DIMENSION NUC(MAXPI

DIMENSiON QnGIMMPl,QnL~HP), OnPWMP).~=M~Pl,OnHW_

ctW9ctw idkmyw•72

Daa idluyw F@ WwOut.t f .8 117 sm3 7J :292SWI

idk8Vw-idluyw

6X.’ - ‘

c NY-ttmy.u of Umsimidtion, itw luntimtdidc~daa

C NCUTOFF-THE NUM8ER OF HALFLIVES TO CUTOFF

IF(NY.EcI.l ITHEN

VIMITE13,SOGI ZXA0,2XDE.NCUTOFF, CUTOFF

DO 40,J - 1,NM6?ASER

WWTEI3.1OOOI J,NUCUI,TNALFUI,2XLULICRC0,JI,I - 1.NCRL

( C~(Jl,CRPUl,(~CN,Jl,l - 1,NCR),2KASHUL2XABPUL

I TCBU),TCMULTCPLU),TCOU)

40 CONTINUE

ENDIF

IFIFLOATINYI.GT.CUTOFF.ANO.NY.NE.l)THEN

0042,1- l, NCR

DO 43,J - l, NMEMBER

OVSCil.J) -0.0

QsSCII,J)-O.O

ORSC(I,JI -0.0

QFSCO,J) -0.0

OVTC(LJ) -0.0

CTOTAIJLJ) -0.0

43 CONllNUE

42 CONTINUE

0044, J - 1,NMEMBER

QTIGW-O.O

QTIH(JI-O.O

OTILU1-O.O

anpu) -0.0

QIPS(JI -0.0

OIBG(JI-O.O

OIBHU)-O.O

WJLU)-O.O

DIBPU) -0.0

Omsul-o.o

QISTU1 -0.0

OIMGUI-O.O

QIMHLJ)-O.O

OIMLU)-O.O

OIMPUI-O.O

OIMSUI -0.0

OIMTUI-O.O

OIPLGUI-O.O

ofFuu).o.o

OIPLSUI-O.O

on~u). 0.0

OIOGU)-O.O

OIOt+ul -0.0

OIOLLJI -0.0

OIOPU)-O.O

Olosul .0.0

onolJ1-o.o

u CONTINUE

ENDIF

VIMITE(3,2000) NY

00 SO,J - 1,NMEMBER

VVRITE13,30001 J, IOVSCII,J),I - 1,NCR),IQSSCII,JLI - 1,NCR),

I KIRSC(l,JLl - 1,NCRI, ICIFSCII,J),I - 1,NCRl,(CWICO,JLl - 1,NCR),

I [CTOTALII,JLI - 1,NCRI,ITQCII,J),I - 1,NCRI

WRITE13,40001 anGu),anHu),anLu), anpu),a=u),w,m,

I OIBGUl,QIBH(JI, QIBLUl,QIBPU),OIBSUl, QIBTUl,T~U1.

1 ~MGIJl,~MHUl,~MLU), ~MPIJl,OIMS{J). ~MTIJl,T~Ul,

I ~RGU1.SC,~~LU), WC,~~SUl,QnRU),T~ Ul,

1 OiOGUl,OIOH(Jl. OIOLIJl,OIOP(JLOIOSUl, QTlO[JLTOOUl

IFINY.EO.l)THEN

VVRITE13,60001 TINTM,OISMIJ}

ENDIF

60 CONTINUE

600 FORMAT[l X,”SOIL ADSORPTION RATE CONSTMT Id**-l) “,1PE9.2
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1/,1 X.’SOlL RESORPTION RATE CONSTANT (d”*-l) ‘,l PES.2

1/,1X;NUMBER OF HALF UVES TO CUTOFF ‘,13

1/,1 X,’CUTOFF TIME IYOU81 ‘,1 PE9.21

1000 FORMAT(1 X,’

1/,1 X,’DATA FOR MEMBER #’,12 .lX,aS,l X,’HALF uFE (d) ‘,1 PE1O.3,2X,’

ILEACH RATE (d””-l ) ‘,1 PE9.2

l/,4X,’CROP TYPE >>> ‘,8 X.’ GRAJNS LEAF VEG ROOT FRUITS LEGUM

IES HAY PASTURE’

I!,lX;CONCENTRATION RATIO ‘,l PES.2,1PES.2,1PES.2,1 PES.2,1PES.2.

I lPEe.2,1PE9.2

1/,1X,’FOUAR ASSORPTION ‘,1 PEO.2, 1PE92, 1PE9.2,1 PEo.2, 1PE9.2,

I 1PE9.2,1PE9.2

II, 1x,’ Af41MAL PROOUCT >>> BEEF W@ MILK IdAl POUL W@

IOTHER kMQ1’

!/, 1X,’TRANSFER COEFFICIENT ‘,1 PE9.2,3X. 1PES.2,3X, 1PE9.2,3X.1 PE9.

12

1/, 1ox)

2000 FORMAT(l X,’ -------------- RESULTS FOR ACCIDENT YEAR NUMBER ‘,12,’

1--------------- ---’)

3000 FORMAT(l X,’RESULTS FOR MEMBER 8 ‘,12,1X,-GRAINS LEAF VEG ROOT

I FRuITS LEGUMES’

1/,1x,’
1,

;~EGETATION SURF lBq/kq)’,l PE9.2,1PES.2,1 PE9.2,1PE9.2,1 PE9.2

1/,1 X,’SURFACE SOIL (Bq/m-.2) ‘,1 PE9.2,1PE9.2,1 PE9.2,1PES.2,1 PE9.2

!/,1 X,”LASILE SOIL (Bq/m* *2) ‘,1 PE9.2.1 PES.2,1PE9.2,1 PE9.2,1PES.2

1/,1 X,’FiXED SOIL (Sq/m**2] ‘,1 PE9.2,1PE9.2,1 PE9.2, 1PE9.2,1PE9.2

!/,1 X,’VEG~ATION INT lSq/kE) ‘,1 PE9.2,1PE9.2,1 PE9.2,1PE9.2,1 PE9.2

l/.lX,’VEGHATlON TOT @@@ “,1 PE9.2.1 PE0.2,1PED.2,1PE9 .2.1 PE9.2

1/,1 X,’CUMULAT TOT+ Isq.d/kg) ‘,1 PE9.2.1PE!3.2,1 PE9.2,1PE9.2,1 PE9.2

!/, 1x,’ ‘1

4000 FORMATI1 X,’INTEGRATEO ANIMAL PROOUCT ANO FEEO INVENTORIES+ + lsq-d/

lk@’

1/, 17x,’GRAIN HAY LEGUME PASTURE SOIL TOTAL CUMUIA

ITIVE’

11,17X,’

~MIMA FEm ‘,l PE9.2,1PEs.2,1PE9 .2,1 PEe.2,1PE9.2,as,as

1/,’ BEEF ‘,l PEe.2,1PE9.2,1PEo.2,1 PE9.2,1PEo.2.1 PEa.2,

II PE9.2

1/,’ MlLK ISq-drl.l ‘,1 PE9.2,1PEs.2,1PE9 .2,1 PEs.2,1PE9.2,1 PE0.2,

11PE9.2

1/,’ POULTRY ‘,l PE9.2,@,l PE9.2,as,l PE9.2,1PEe.2.1 PE9.2

1/; OTHER ‘,1 PE9.2,1PE9.2,1PES.2,1 PE9.2,1PE9.2,1PE9 .2,

!1PE9.2

11,1X,’ ‘}

6000 FORMAT[lX, F4.0,’ DAY INTEGRATE MILK CONCENTRATION FROM PASTURE {B

lq-dA): ‘,1 PE9.2)

999 RETURN

ENO
c ● **.. *.*** **. * . . . . ..*... **.*.*.

C “ SUBROUTINE RK4sOLVE ●

c ● *******+******”*******+*******
SU8ROUTlNE RK4SOLVE(A,X1 ,X2.NMI

C * +odw nm W the vamibla to solv. tlu 00E% with ititid V.IW

C given in tta way A ad Lmgidrq ud edw tima Xl amd X2 for NMEMS.ER*8

CnwnbrOf vui9Mmtetfn-q&fimd by EPS.

C NH vdun U- r.tunmd in ttm A UWY.

IMPLICIT REAL*S (A-N,O-ZI

PARAMETER (NMAX - 32, MAXP-4,EPS - 1.OE-SI

OIMENSION A(NMAXI,YINMAXI,DIMAXPI, Z31MAXP),Z16(MAXP)
●

● Idemifieation
● Proqrun Noms: COMIOA
● Modtdo Nama rk4mhw.f Version 1.2
● OMw 1/19/S3 Timw 10:41:46
.
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.

COMMON @ATNl KMAX,KOUNT,DX6AV,XP(2001,YPINMAX.200)

COMMON iRcoNTANTS/212,Z1 6,221 ,Z23,Z34,Z3,Z43.0,Z62

Chuutu idhqVJ-72

D,t* id%w r@(01*4a0iva.f 1.2 1179/63 1041 :46W/

idkqw - idkayw

C Xl .-h tinw

c Xz-d til’m

fWAR-S*NM

C—utiviif rmmtenunbof Of btarm. %tocolmtmmird-l
C-rnfacta —86400aeandc~dV

N-f

M-O

00 10 J-1,NM

DO 20.K - f,8

YfK + MI - AO( + M1/(O(fWS6400.)

20 CONTINUE

N-N+l

M-M+8

10 CONTINUE

C nt intagrmion vdum

OXSAV - 1.0

KMAX -0

Hi-2.6

tlMIN - 1.E-20

c aOlv* * Wyall!lllll!lllll!l

CAU 00 EINT(Y,NVAR.X1 ,X2, EP6.H 1,HMIN,NOK.NBAD)

c Cm-lvut to Utivii
. .

N-1

M-O

0030 J-l,NM

DO 40,K - 1,0

A(K+ M)-YO( + Ml*(D(NlfSWOO.1

40 CONTINUE

N-N+l

M-M+8

30 CONTTNUE

RIYWRN

ENo

c ● *******************************

C ● SUBROUTINE DERIVES ●

c ““**” *”*”” ”~******”* ***”**”*****

SUBROUTINE DERIVS(NV-,TIME,Y,OYDTI

IMPLICIT REAL-8 (A-N,O-ZI

PNIAM mR INMU - 32,nNy - I .E-20,MAxp .4)

COMMON PATHI KMAX,KOUNT,DX3AV,XPt2001,WlNMAX,2001

COMMON MCONTANTB/ZI2,Z16,22 1,Z23,Z24,Z3,Z43.D,Z62

C PIANT.BLK

COMMON IUANTI ZKG,CR,THICK.RHO,BMAX,SSTART.GTIME

OIMENSION CRIMAXP)

OIMENBION YINMAX),DIMAXPI,Z31MAXPI,0YOTINMAXLZ36WAXPI

DIMENSION Z16(MAXPI

C rim arid tamprburc modification to plus growth madd not comidmd,

C cslmdmc ths mot wtdu mt. -ant tof cacti pmpwq

NP-NVAJUS

DO 10,I - 1,NP

A - LOG[iBMAX-BSTARTl/6 STARTl

B -BMAX/(1 + EXP(A-ZKG”lllME +GTIMfl))

DBOT=ZKG*B*IBMAX-BIMMAX

Z360i-DBOT*CRfll/lTHICK”RNO)

10 CONTINUE

C COMIOA dUiVitiV09

C ttm inteormd compartnwnm 6uld8u0d* bytfNas19tlt biOm-

OYDTI1)- 221 ●Y121-(Z12 + 216(1) + 0(1 l)*YIII

0YDT12)-Z12“Y(11 + Z6Z*Y16)4Z21 +0(1 1+ Z23)”Y12)

0YDT(3) -Z23”Y12) + Z43”Y14)-fZ34 + Z36(11 + Z311)+O111)”Y13)

DYDT141 - Z34*Y(3)4Z43 + D(1 )1“Y(4I

DYOT161-Z36[1 )*Y(31 + Z16111”Y(11-D(l l”YiGl-Z62”Y(6)

OYDT(OI -Yll )/8

0YDT[71 -Y12)

DYOTIBI -Y(6)JS

.-
-- -

DYOT191 -DI1l”YIII+ Z21 “Y(1OI-(Z12 + Z16C4 +O(211”Y191

OYDTI1O) -n(l) *Y(Z) + Z12”Y(9) + Z62”Y1131-IZ21 +D(21 + Z23I*YI1OI
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DYDTI111 -OIII*Y(31+Z23*Y11 OI+ Z43’Y(12)4Z24+ Z36(21+Z3121 +D(211

I ●YI11)

DYDT(121 -D11)*Y141 +234”Y11 1)-(243+ D(2}1*Y112)

DYOT[l 31- D(1)*Y@)+Z3612)*Y111 ) + 21 6(2}”Y[WD12)”Y(1 3W62”Y11 31

DYDT(141-Ylstm

DYOT(l 6) - Y(1 O)

OYOT(10}-YI13IM

DYDT117}-D(21”Y(9) + 221 “Y11SHZ12+Z16(31+ D1311*Y(17)

DYDT1181 -D(2I*Y(1OI + Z12”Y117) + ZS2”Y12114Z21 +D131 + Z231*Y(1S)

DYDT{191-0[2)”YH 11 + z23*y[le)+ z43*yuoka34 + Z36(3)+Z313)+D(311

I “Yllsl

DYDT[201 - D(21*YU 2) + 234*Y(1 SI-(Z43 + D(31)”Y120)

DYDTC211 -D(Z) ”Y(131+ Z36{31”Y1191 + Z16131”Y1171-UX3)+ Z62)*Y121)

DYDT(22) -YII 7)m

DYDT123) -Yll S1

DYDT124) -Y(21 1/S

DYDT126) -D13)*Y1171 + 221 “Y(2WZ12 +Z16MI +O141)”Y126)

DYDT12LV -D{3)”Y(18}+212“Y(261 + Z6Z*Yi29t4Z21 + D(4I + Z23)*Y(20)

DYDT127)-D(31*Y1191 + Z23”Y(20) + Z43*Y12S>~ +~6U}+UM)+DM)l

I ●Y(371

DYDT128) - D(21*Y12DI + Z34”Y12714Z43 + D(4) I*Y1281

DYDT129) - 0(31 “Y(21 1+ Z36UI*Y(271 + 21 6141eY126)4DW + 2621”Y12S)

DYDT13DI - Y(261M

DYDT131 I - Y(Z6)

DYDT1321 - Y129bB

c DOIO I-1,11

c IFIASSIYOI).LE.TINYWHEN

c DYDTil) -0.

c ENDIF

c 10 CON’nNUE

RETURN

END

c

c

c

,=
%’ (

c

11

SUBROUTINE ODEINTIY.NVAJ3,X1 ,X2. EPS,H 1,HMIN.NOK,NSADI

IMPLICIT REM*S (A.H,O-ZI

PARAMETER IMAXSTP-6DOD0,NMAX -32,TW0- 2.O,ZERO -0.O,TINY - 1.G201

COMMON I?ATNI KMAX,KOUNT,OXSAV, XPC2001,YPlNMAX.2001

DIMENSION Y3CALINMAX),YI?4 MAXLOYOXINMAX1

VVRITEI*,”I ‘MADE IT TO ODEINT’

KMAX -0

x-xl

H- SIONOII,X2-XI)

NOK-O

NBAD -O

KOUNT-O

00111 -1.NVAR

Yrl)-Yll)

CONTINUE

XSAV - X-DXSAV”W

0016 NSTP - l, MAXSTP

CALL DERIVSINVAR,X,Y,OYDX)

DO 121-l,NVAR

YSCAOI. A6SWOII + ntw

12 CONTINUE

IF(KMAX.GT.OITHEN

lFIMS(X-XSAVLGT.ASSmX~vll Wm

IFIKOUNT.LT.XMAX-l )THEN

KOUNT - KOUNT + 1

XP(KOUNT) -X

00 131-l,NVAR

YPll,KOUNTl -Y(l)

13 CONTINUE

XSAV - x

ENOIF

ENDIF

ENOIF

IF((X + H-X2) *IX + H-Xl ).(3T.ZEROI H - X2-X

CAll RKOCtY,DYDX.NVA&X, H, EPS,YSCM,HDID,HNEXll

lFiHDID.EO.H)THEN

NOK-NOK+ 1

~SE

NSAD - N8AD + 1
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.-

ENDIF

c WWTE(*,”I NUC,X

IFIIX-X2)*(X2-XI LGE.ZERO)THEN

DO 141-l,NVAR

yal -Yal

14 CONTINUE

IF(KMAX.NE.O)THEN

KOUNT - KOUNT + 1

xpacown-x

00 lS1-l,NVAJl

YP(l,KouNn-Yal

16 CONTINUE

ENOIF

RHIJRN

ENOIF

IFMSIHNEXTI.LT.HMIN1 PAUSE’St~C amdhrti~.’

H- HNEXT

10 CONTINUE

PAUSE 7W many SW$U.”

RfWRN

ENo

c

c

c

SUBROUTINE RKOC(Y,OYOX,N,X,HTRY, EPS,YSCAL.HOIO.HNEXTI

IMPUCIT REAL*8 IA-H,O-ZI

PARAM~ER INMAX - 32,FCOR -.0066600007.

● ONE- l.,sAF~ -0.S.ERRCON -13.E~l

OIMENSION YINMMl,O~XINMtil.Y=MNMMl,~~PWMM),YSAV~MUl,

IDYSAVINMAXI

PGROW-4.20

PSHRNIC--G.26

XSAV -X

00111 -l,N

YsAva) -Ya}

oYsAval - oYoxnl

11 CONTINUE

H-HTRY

1 HH-O.6*H

CAAL RK4WSAV,0YSAV,N,XSAV,HH,YTEMW

X- XSAV+HH

CALL OERIVSIN.X,YTEMP, DYOXI

CALL RK4NTEMP,0YOX.N,X,HH,YI

X-XSAV+H

IF(X.EO.XSAVIPAUSE “Stwmim not ~fi~ in RKt2C.’

CALL RK41YSAV,DYSAV, N,XSAV,H,YTEMPI

ERRMAX-O.

D0121-l,N

YTEMPII). Y(II-WSMPO)

ERRMAX - MAx(-Ax,Ms~srdpa)~scAal))

12 CONTINUE

ERRMAX - ERRMAX/EPS

iFfERRMAX.GT.ONEl THEN

H- SAFE’W”H” IERRMM””PSHRNKI

GOTO 1

ELSE

HOID-H

IFERRMAX.GT.ERRCONITHEN

HNExT-SAFETY*H” @RMAX”*PGROWl

ELSE

HNEXT-4.”H

ENOIF

ENOIF

00131 -l,N

Yin -Y(l) +YTEMPal*FcoR

13 CONTINUE

RETURN

ENo

c

c

c

SUBROUTINE RK4tY,0YOX,N,X,H,YOUTl

IMPLICIT REAL*8 (A-H,O-Zl

PARAMETER (NMAX-32)

OIMSNSION YINMA%),DYOXINMAXLYOUTiNM~l.mNMAxl.D~MMAxl.

IOYMINMAXI
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